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PREFACE
i
Web accessibility guidelines influence the development of Web based systems that can be 
used by people with disabilities. The guidelines provide guidance on how to procure and 
develop IT products and services that can be used by as many people as possible including 
people with disabilities. In this research we explored ways of how to make Web accessibility 
guidelines easier to use to find advice by the target audience. Presently the Web Content 
Accessibility Guidelines (WCAG) is the most comprehensive and widely used set of Web 
accessibility guidelines. Since its development, it has formed the basis of Web accessibility 
policy of many countries, is referred to in court cases concerning accessibility, is used as 
evaluation criteria by accessibility evaluation tools and is integrated into Web authoring 
tools. This research provides an approach for filtering the WCAG and similar long Web 
based documents to make them easier to use to find required information (guidance in the 
case of WCAG). Specifically it demonstrates that the guidance given in WCAG is relevant to 
the Web accessibility problems faced by people with disabilities; illustrates that WCAG has a 
higher potential to influence the development of accessible Web based systems save for its 
usability limitations; demonstrates that the proposed solution to the usability limitations of 
WCAG is novel and well grounded in a broader mature field of information retrieval, and that 
its application is generic beyond Web accessibility guidelines; illustrates how the proposed 
solution was designed and implemented and demonstrates that the proposed solution provides 
an interface that is easier to use to find required advice compared to the WCAG guidelines.
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1CHAPTER ONE INTRODUCTION
This chapter introduces the subject area of this thesis by defining the technical terms that will 
be used and giving other background information. This allows the goal of the thesis to be 
stated in context. There follows a discussion of the methodology and procedures that could be 
used to achieve the goal.
1.1 Definition of Terms
1.1.1 Web Accessibility
Web accessibility is generally defined as an approach to Web design that aims for maximal 
inclusion both in terms of Web users and the technologies utiliutiliseded in the process (Shi, 
2005). Hence an accessible Web based system is one that can be used by as many people as 
possible regardless of disability, age, ethnicity, gender, education, income, culture, and 
religion and despite of whether they use different hardware such as a desktop, mobile phone, 
braille display or different software like Windows, Linux, Internet explorer, Firefox or JAWS 
screen reader. The concept of the Web is of universal readership as its inventor Tim Berners- 
Lee stated that “the power of the Web lies in its universality” (World Wide Web Consortium 
(W3C), 2004). Therefore access by everyone regardless of disability or any other limiting 
factor is an essential aspect. In an effort to ensure that people with disabilities enjoy the 
benefits brought by the Web, the accessibility of Web based systems for people with 
disabilities has been an issue of growing concern worldwide and as a result Web accessibility 
has come to generally refer to accessibility for people with disabilities (Thatcher, Waddel, 
Henry, Swierenga, Urban, Burks, et al., 2002, Alexander, 2003, Shi, 2005). In this research, 
Web accessibility is also used to refer to accessibility for people with disabilities.
1.1.2 Accessible Web Design
Accessible Web design broadly refers to developing Web based systems with the intention 
that they can be used by as many people as possible regardless of disability, or any other 
limiting factor (Shi, 2005). In the context of this research, the term is used to refer to 
developing a Web based system with accessibility for people with disabilities in mind among 
other design considerations. Lazar, Dudley-Sponaugle and Greenidge (2004) compared an 
accessible Web based system to an accessible building. They noted that just like an accessible 
building offers curb cuts, ramps, and elevators to allow a person with disabilities to enter and 
navigate through the building with ease, an accessible Web site offers similar functionality.
1.1.3 Web Usability
Quesenbery (2002) defines usability in terms of 5 attributes -that is effectiveness, efficiency, 
engaging, error tolerant and easy to learn. On the other hand Jakob Nielsen a leading 
advocate and Web usability expert defined usability as an attribute of quality that assesses 
how easy user interfaces are to use (Nielsen, 2003). For the International Organisation for 
Standardisation (ISO) 9421, usability is a measure of the effectiveness, efficiency and 
satisfaction with which users can achieve specified goals in a particular environment. The 
three definitions were summed up by Alexander (2006) in his description of the goal of 
usability in which he said that the goal of usability is a better experience for the user in terms 
of efficiency, effectiveness and satisfaction.
21.1.4 Web Accessibility versus Web Usability
From the definition of usability, accessibility is a sub set of usability given that the goal of 
accessibility is a better user experience for people with disabilities. Alexander (2006) noted 
that although the focus of accessible design is the removal of barriers to access based on 
disability, technical or environmental limitations rather than the wider form of user 
experience, the two fields have a similarity in that not being able to access a Web site is a 
poor user experience which accessible design seeks to address. This is contrary to an earlier 
tension that there is a significant difference in the underlying design philosophy between 
usability and accessibility such as Alexander (2003). In 2003, Alexander argued that where as 
usability seeks to enhance user experience through identifying and understanding the target 
users of a site and designing with their particular needs in mind, the notion of Web 
accessibility is universal design based on universal design principles. But research on Web 
accessibility also recommends involvement of actual people with disabilities in the design 
process to identify and understand their needs in addition to following accessibility design 
principles such as Kelly, Phillips, Sloan, Petrie and Hamilton (2005), Mline, Dickinson, 
Carmichael, Sloan, Eisma, and Gregor (2005), Henry (2007), etc. Probably this is the trend 
that harmonised the tension between the two fields.
Though the focus on user centered design is of paramount importance to accessibility as it is 
to wider usability, the role of Web accessibility guidelines is still vital for a more accessible 
Web therefore further research on improving the relevancy, usage and application of Web 
accessibility guidelines is as important as research on accessible user centered design. 
However current research on accessibility has been skewed more to usability of systems 
developed with accessibility guidelines with less attention to usability of the guidelines 
themselves to developers and other target users of such guidelines (details discussed in 
section 3.5). Hence this research is focused on usability of Web accessibility guidelines to the 
target audience such as developers and IT managers.
1.1.5 Assistive Technologies
Assistive technologies are software and hardware tools used by people with disabilities to 
help them accomplish tasks that they would not otherwise accomplish or achieve easily 
(W3C, 2005). The purpose of assistive technologies is to support people with disabilities to 
carry out daily activities including using computers and the Web that they would otherwise 
find impossible or difficult (Chiang, Cole, Gupta, Kaiser & Starren, 2005, Bouraoui, Jemni & 
Laabidi, 2007). When used in reference to computers and related technologies, assistive 
technologies are sometimes called adaptive software or hardware (W3C, 2005). In this 
research, the term assistive technology is used to refer to hardware and software designed to 
facilitate the use of computers and the Web by people with disabilities. Assistive technologies 
for Web access provide equivalent sensory, physical or cognitive substitution mechanisms for 
people with various disabilities. For example the blind require non-visual alternatives for 
traditionally visual tasks, while people with motor disabilities require input alternatives to the 
point and click mouse. Assistive technologies can be applied at various levels namely 
browsers, multimedia players, plug-ins in form of additional software tools such as screen 
readers and screen magnifiers as well as at the operating system level with inbuilt adaptation 
features like the ability to change system fonts and colours (W3C, 2005). Web users with 
disabilities can only utilise a Web based system if it is designed to be compatible with
3assistive technologies relevant to their disabilities (Horton, 2006, Huang, 2003, Asakawa, 
2005).
1.1.6 Web Accessibility Guidelines
Web Accessibility Guidelines are a set of standards or principles that provide guidance on 
how to develop or procure Web based information technology products and services that can 
be used by people with disabilities (Donelly & Maggenis, 2003). They are intended for use 
by people involved in the procurement and development of information technology products 
and services such as developers, IT managers and procurers. Web accessibility guidelines are 
one of the components that influence the development of accessible Web based systems 
(Lazar et al.. , 2004). Other influences include development tools, societal foundations and 
stakeholder perceptions. The Web accessibility guidelines not only help Web developers, 
Webmasters, IT managers, etc. with guidance but also provide the current “working 
definition” for Web accessibility (Lazar et al., 2004). As a result, they influence the 
accessibility of the initial design as well as the maintenance and redesign of a Web based 
system through informing and guiding local policies and societal foundations such as 
education which in turn influence the knowledge and skills of Web developers and clients. 
Details about the role played by Web accessibility guidelines in Web accessibility are given 
in chapter three.
1.1.7 Content Filtration
Content filtration is concerned with finding ways to provide the user with only the 
information needed (Atkinson, Dhiensa & Machin, 2006). Instead of leaving the reader to 
find relevant information from long documents, the system locates the relevant information 
for the user (Joty & Al-Hassan, 2007). Content filtration makes it easier for users to use long 
documents intended for multiple classes of users.
1.2 Background
The World Wide Web or Web has become a valuable resource for all people including people 
with disabilities (PWDs). The ability to use computers and the Web is increasingly required 
for education, employment, social interactions and other activities of daily life. Unlike before 
people with disabilities can obtain any type of information by themselves from all over the 
world when ever they need it using adaptive tools commonly called assistive technologies. 
Assistive technologies are being developed and improved along with the evolution of the 
Web to help people with disabilities access the Web (Chiang et al., 2005).
To-date Web users with disabilities can conveniently undertake a number of tasks that would 
otherwise be difficult or impossible such as e-learning, e-commerce and e-networking. 
However these tasks are only possible on Web based systems that are accessible. An 
accessible Web based system is one that is sufficiently flexible to be used by all people 
including those using assistive technologies (Chiang et al., 2005). Other than people with 
disabilities, ageing-related conditions and temporary sensory and physical limitations due to 
injury or effects of medication can be accommodated on the Web by the same solutions used 
to address accessibility for people with disabilities (W3C, 2005, Chiang et al., 2005). In 
addition, making a Web based system accessible also benefits Web users without disabilities 
such as those with low literacy, not fluent in the primary language of the Web site, using slow 
Internet connections, using older technologies and new and infrequent Web users (Henry,
42007). Many Web adaptations for Web accessibility benefit people without disabilities as 
well. For instance, support for speech output not only benefits blind users but also all users 
whose eyes are busy with other tasks. On the other hand captions for audio not only benefit 
deaf users but also increase the efficiency of indexing and searching for audio content on 
Web sites (W3C, 2005).
Accessibility is not just a high-level theoretical goal. There are guidelines that Web 
developers and other stakeholders can follow so that their Web based systems can be 
accessible. Other than accessibility guidelines, there are evaluation tools Web developers can 
use to test and correct accessibility flaws before publishing their systems such as WAVE 
(http://wave.webaim.org). In addition it is recommended to involve representatives of people 
with disabilities during the design and development process to identify and understand their 
needs for them to have a better user experience with the developed systems (Kelly et al.,
2005). However in this research we focus on the role of Web accessibility guidelines and how 
they can be made easier to use by the target audience such as developers, IT managers, etc. 
Therefore results of our research benefit people with disabilities indirectly through 
development of more accessible Web based systems resulting from the availability of easier 
to use Web accessibility guidelines.
The World Wide Web Consortium (W3C), the Web industry cooperative recognised the need 
for Web accessibility and established the Web Accessibility Initiative (WAI) project. As one 
of its main goals, the WAI project developed and published the Web Content Accessibility 
Guidelines (WCAG). The WCAG provide checkpoints or design practices that guide on how 
to develop or procure Web based systems that can be used by people with disabilities. 
Besides W3C, other special interest groups have also developed parallel accessibility 
guidelines or more specialised ones for specific sectors. For instance the Research-Based 
Web Design and Usability guidelines developed to assist those involved in the creation of 
Web sites to base their usability and accessibility decisions on the most current and best 
available evidence (US Department of Human and Health Services (UDHHS), 2006) and the 
IMS guidelines for the development of accessible learning applications (Barstow & Rothberg, 
2002).
More so governments have enacted laws that mandate Web accessibility. For example in 
USA the 1998 amendment to Section 508 of the Rehabilitation Act requires that all federal 
agencies must ensure that their electronic and information technology systems are accessible 
to people with disabilities whenever those agencies develop, procure, maintain or use such 
technology (Section 508, 1998). In UK, part 3 of the Disability Discrimination Act (DDA) 
requires providers of goods, facilities and services to make reasonable adjustments including 
the provision of auxiliary aids and services to any practices, policies or procedures which 
make it unreasonably difficult for people with disabilities to make use of the services they 
provide (DRC, 2004). Australia has the Australian Disability Discrimination Act (ADDA) 
1992 which was applied in the case of Maguire Vs the Sydney Organising Committee for the 
Olympic Games in which the Committee was found guilty for failing to provide a Web site to 
which Mr Maguire a blind person could access (Clarke, 2001).
Besides laws, automated software tools that developers can use to find accessibility flaws in 
Web sites before they are publicly posted are available such as Bobby, RAMP, InFocus, and 
A-Prompt (Ivory, Mankoff and Le, 2003) in Lazar et al.., (2004). Furthermore new versions 
of Web development tools such as Dreamweaver 8 and FrontPage 2003 include tools that 
assist developers with accessibility-related issues (Baguma, Stone & Weide 2009)
5However it is surprising that most Web based systems are still not accessible to people with 
disabilities. This is exemplified by research findings such as the following:
• In UK, despite the obligations created by the Disability Discrimination Act (DDA), 
domestic research suggests that compliance let alone the achievement of best practice on 
accessibility has been rare. The Royal National Institute of the Blind (RNIB) published a 
report in 2000 on 17 Web sites in which it reported that the performance of high street 
stores and banks was "extremely disappointing" (RNIB, 2000). A separate report in 2002 
from the University of Bath described the level of compliance by UK universities with 
Web site industry guidance as "disappointing (Kelly, 2002). Another report in 2002 on 20 
key "flagship" government Web sites found that 75% were "in need of immediate 
attention in one area or another".
• In a study conducted by Nielsen (2001), the usability of most Web sites was on average 
three times higher for users without disabilities than for those who were blind or had low 
vision.
• In Taiwan, 83% of central government’s Web sites were found inaccessible especially to 
people with visual disabilities in a study by Huang (2003).
• Lazar et al., (2004) estimated that 70-98% of Web sites depending on the category are 
not accessible to people with disabilities and that over time they get more inaccessible as 
accessibility violations keep being added.
• In another research project published by Forrester Research (in Huang, 2003), it was 
reported that only one in four e-commerce sites surveyed met even minimum 
requirements provided by the Web Content Accessibility Guidelines (WCAG).
• The Disability Discrimination Commission (DRC) survey on the accessibility of UK Web 
sites in 2004 found that 81% failed to satisfy the most basic Web Content Accessibility 
Guidelines (WCAG) requirements. In addition the results of the evaluations undertaken 
by users with disabilities showed that they had characteristics that made it very difficult if 
not impossible for people with certain impairments especially those who were blind to 
make use of the services provided (DRC, 2004).
• A study by Shi (2005) in Australia found that the majority of the Visitor Information 
Center (VIC) Web sites in the Queensland region had accessibility problems although 
they were all accredited by the statutory authority of the Queensland Government.
• In USA, studies of the accessibility of federal government sites found low levels of 
accessibility with less than one-third of sites being labeled accessible (Jaeger, 2006).
• In Uganda, a study in 2007 by Baguma, Bommel and Wanyama (2007) found that only 
14% of the 22 studied government Web sites provided some level of accessibility (7.1%). 
But even then it was not clear whether the 7.1% conformance was out of a deliberate 
intention to make the sites accessible to people with disabilities or rather accidental or a 
result of other design considerations.
Thus if guidelines that offer guidance on how to develop and procure accessible Web based 
systems as well as authoring and evaluation tools are there, why is the rate of Web 
accessibility persistently low? Our interest in this research is to find out how to improve the 
design of accessible Web based systems using Web accessibility guidelines. Web
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accessibility guidelines) not only help stakeholders with guidance but also provide the current 
“working definition” for Web accessibility (Lazar et al., 2004). Accessibility evaluation tools 
which help find flaws in Web sites before they are posted are based on such guidelines 
particularly the Web Content Accessibility Guidelines (WCAG) (Asakawa, 2005, Ivory, 
Mankoff and Le, 2003 in Lazar et al., 2004). In addition accessibility tools included in Web 
development tools like Dreamweaver and FrontPage are also based on the Web Content 
Accessibility Guidelines (Baguma et al., 2009). Lazar and colleagues (2004) noted that good 
well-written guidelines are likely to help improve levels of accessibility while poorly-written 
confusing and hard to use guidelines are likely to keep Web sites from becoming accessible. 
Therefore easier to use Web accessibility guidelines are vital for a more accessible Web.
Web accessibility guidelines are aimed at all people with a role and responsibility in the 
procurement and development of IT products and services (Donnelly & Magennis, 2003). 
Presently the most comprehensive recognised and widely used set of Web accessibility 
guidelines is the Web Content Accessibility Guidelines (WCAG) (Kelly et al., 2003, 
Donnelly & Maggenis, 2003, Kelly et al., 2008). Since its development WCAG has formed 
the basis of Web accessibility policy of many countries and organisations across the world 
e.g. in UK, USA and Australia, are referred to in court cases concerning accessibility (Clarke, 
2001), are used as evaluation criteria by most automated accessibility evaluation tools (Mline 
et al., 2005, Sloan, Gregor, Rowan & Booth, 2000) and are integrated into Web authoring 
tools (Baguma et al., 2009). However despite WCAG’s wide recognition and adoption, many 
members of its target audience still find it difficult to use which results in Web based systems 
with in-built accessibility barriers (Donelly & Maggenis, 2003, Asakawa, 2005, Clarke, 2006, 
Pickard, 2006, Clarke, 2007, Bigham & Ladner, 2007, Kelly et al., 2007, Sloan & Kelly, 
2008, Kelly et al., 2009). One of the challenges faced is difficulty in getting the advice 
needed from the Web based guidelines (Colwell & Petrie, 1999, Donelly & Maggenis, 2003, 
Popov, 2006). Due to such limitations, WAI decided to revise WCAG 1.0 hence started the 
development of WCAG 2.0. One of the requirements for the new version was development 
with ease of use in mind (W3C, 2006). But WCAG 2.0 has also been criticised for being 
‘overlong’, unreadable and impossible to understand (Pickard, 2006, Clarke, 2006, Popov, 
2006, Moss, 2006). Some critics have recommended continuing with WCAG 1.0 with 
corrections given that it remains adequate for most Web based systems (Clarke, 2006).
This research focuses on how to improve the design of accessible Web based systems using 
the most recognised and widely used WCAG. We examine to what extent Web accessibility 
guidelines provide guidance on addressing the practical Web accessibility problems faced by 
people with disabilities, this is followed by a review of the degree to which Web accessibility 
guidelines particularly WCAG influence the development of accessible Web based systems. 
We then analyse usability problems inhibiting wider use and application of the WCAG 
guidelines and propose a framework for filtering the Web based WCAG according to users’ 
contexts of use and structure of the guidelines’ document. The purpose of the framework is to 
make the Web accessibility guidelines easier to use to find required advice by the target 
audience such as developers and IT managers/procurers. Context of use is important for the 
usability of accessibility guidelines since they are used by different groups of people with 
different interests and skill base (Donelly & Maggenis, 2003). The Research-Based Web 
Design and Usability guidelines (US Department of Human and Health Services (USDHHS),
2006) classify context of use in relation to Web usability as a user interface issue and advise 
that among other user interface issues, the context within which users will be visiting a Web 
site should be considered. In the framework the role played by context of use in making the
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guidelines (W3C, 1999) was developed and tested on Web developers and IT managers. The 
results suggest that filtering Web accessibility guidelines according to contexts of use and 
structure of the document makes it easier for users to find required advice in terms of time 
spent and the accuracy of the advice retrieved compared to the general organisation and 
presentation used by both WCAG 1.0 and WCAG 2.0. The evaluation was done on WCAG 
1.0 because by the time of the study, it was still the stable and referenceable version. But the 
approach is also relevant to WCAG 2.0 because it applies to ANY set of guidelines or long 
Web based documents for any subject if intended for multiple classes of users. Moreover 
WCAG 2.0 has also been criticised for being overlong and difficult to read and understand by 
the target audience. The next sub section presents the research questions answered in this 
research and the objectives that guided answering of the questions.
1.3 Research Question and Objectives
The aim of this research was to make Web accessibility guidelines particularly the widely 
recognised and adopted Web Content Accessibility Guidelines (WCAG) easier to use to find 
required advice by the target audience. To achieve this goal, we were guided by the following 
research questions:
1. To what extent does WCAG provide guidance on practical accessibility challenges faced 
by Web users with disabilities?
2. To what degree does WCAG influence the development of accessible Web based 
systems?
3. What makes WCAG difficult to use to find required advice by the target audience?
4. What solutions have been proposed to make WCAG easier to use by the target audience 
and what are their weaknesses?
5. How can WCAG be made easier to use by the target audience to find required advice?
To answer the research questions, we pursued the following research objectives
1. To examine whether the widely recognised and adopted WCAG provides guidance on the 
practical accessibility challenges faced by Web users with disabilities
2. To assess the influence WCAG has on the development of accessible Web based systems
3. To investigate what makes WCAG difficult to use to find required advice by the target 
audience and the strength and weaknesses of proposed solutions
4. To develop a framework that can make WCAG, other accessibility guidelines and similar 
documents easier to use to find required advice/content.
5. To evaluate the developed framework to establish if it makes WCAG easier to use to find 
required advice by the target audience.
The next section discusses the research approach/methodology that was used to accomplish 
the research objectives.
1.4 Research Approach/Methodology
1.4.1 The Research Strategy
Nabukenya (2009) describes a research strategy as a series of steps taken to accomplish an 
inquiry into the phenomenon being studied. Churchman (1971) in Nabukenya (2009)
8differentiates five fundamental modes of inquiry (research strategies) whose roots lie in the 
philosophies of Leibnitz, Locke, Kant, Hegel and Singer. The inquiry systems are:
• Leibnitzian - discovering of truth about the world through formal deduction;
• Lockean -  the truth is found in the external world. That is a combination of experiences 
from the community explains the world;
• Kantian - is a combination of both Leibnitzian and Lockean that is the truth is discovered 
through formal deduction and combinations of experiences from the community;
• Hegelian-  the truth materialises from conflicting views that is conflicting issues are 
resolved by merging arguments to generate a synthesis;
• Singerian -  the multiple truth (s) are discovered via endless, induction of multiple sources 
of data as well as multiple view points.
The five inquiry systems were later called rationalism (Leibnitzian), empiricism (Lockean), 
idealism (Kantian), dialectic (Hegelian) and pragmatism (Singerian) (Boggs, 2007). The 
choice of what inquiry system to use in any given research is based on the nature of the 
problem (Nabukenya, 2009).
In this research we chose to use a combination of Lockean and Singerian inquiry systems 
because the problem under investigation involved investigating the views of the community 
(Web users with disabilities and users of accessibility guidelines) to find out the usability 
challenges of the Web Content accessibility guidelines (WCAG) as well as the design and 
evaluation of a possible solution. The former required a Lockean research strategy while the 
later necessitated a Singerian strategy.
In particular the problem required first studying the potential of WCAG to improve Web 
accessibility and its usability challenges independent of the community and later verifying the 
results of the investigation with the community. Based on the results of the investigation a 
solution to the usability challenges would then be proposed without involving the community 
and later the community would be involved to test if the proposed solution meets their goals.
The Lockean inquiry system is centered not only on data but contains a community of experts 
who act as inquirers (Boggs, 2007). The inquirers are knowledgeable and can be expected to 
find truth in the surrounding world. The process of discovery is data and consensus centered 
and is based upon what can be accepted by all. The strength of the Lockean inquiry system is 
that it is both interpretive and consensual but its weakness is that the process cannot be 
demonstrated to be reliable and the community of experts often acts in an assumptive manner 
(Boggs, 2007). To address this potential weakness, we applied widely recognised usability 
evaluation techniques such as the cognitive walkthrough and the experimental design 
methodology (Dix, Finlay, Abowd & Beale, 2004). In addition statistical tests in particular 
the paired samples T-Test (Trochim, 2006) was used in the evaluation of the prototype to find 
out if there was a significant difference on ease of use between the interface of the proposed 
framework and that of the WCAG guidelines.
The Singerian inquiry system chooses and adapts inquiry systems as they apply to (part of) 
the research problem. In its broadest application it may be said to contain a composite of all 
formal inquiry systems with an underlying ethical component. Its strength is that it is 
adaptive in that it can combine multiple inquiry systems at the same time. The major 
limitation is that it faces weaknesses of the inquiry systems applied in a given situation.
All in all the Lockean and Singerian inquiry systems best suited the structure of the problem 
of this research -  that is finding an information retrieval technique that makes Web 
accessibility guidelines easier to use to find required advice. To this end we adapted the two 
inquiry systems/research strategies to inductively discover and test the information retrieval 
features necessary for an easier to use user interface for Web accessibility guidelines in 
particular WCAG.
Note that the research strategy described does not put forward a procedure of how to conduct 
individual steps. The next sub section describes the individual steps that were taken and the 
tools that were used to conduct the research.
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Web based systems such as interviews, questionnaires (Huxman, 2000), cognitive 
walkthrough (Dix et al., 2004), experimental design methodology (Dix et al., 2004), 
automated evaluation tools such as WebSAT (NIST, 1999), etc. For this research we chose 
to use questionnaires, design science, cognitive walkthrough, experimental design 
methodology and paired samples T-Test. Next we discuss each research technique including 
a brief description, why it was chosen and how it was used.
i. Questionnaires
The questionnaire is a research technique that consists of a series of questions defined by the 
researcher for answering by the respondents (Huxman, 2000). Unlike other qualitative 
research methods like interviews, it does not allow the respondents to direct the questions 
asked. It is intended to be completed by potential respondents following a similar or identical 
procedure. When designing a questionnaire, the researcher is advised to be very clear about 
what question(s) to ask and what form they see the answers taking such as if one expects to 
report numbers or peoples’ own words (Huxman, 2000). As a guide to researchers when 
deciding whether a questionnaire is appropriate for the problem under investigation, Huxman 
(2000) recommended the following considerations:
• Is the interest mostly in objective facts (such as the percentage of people with disabilities 
in Uganda) and or relatively crude measures of subjective belief/experience?
• Is the intention to display results as summary statistics (e.g. the proportion of men 
compared to women with disabilities in Uganda), and or to conduct formal statistical tests 
on data?
• Is the sample size at least 20?
• Is the information needed novel and not available from a different source?
How the Questionnaire was used
The questionnaire was used on three tasks that is:
• To establish if the challenges faced by people with disabilities on the Web that are given 
in literature are similar or related to the actual challenges faced by people with disabilities
• To find out usability problems faced by actual users of the Web Content Accessibility 
Guidelines (WCAG)
• To test if the user interface of the proposed framework makes it easier to find required 
advice compared to that of the WCAG guidelines.
For the task on establishing i f  the challenges faced by people with disabilities on the Web 
that are given in literature are similar or related to the actual challenges faced by people 
with disabilities, the interest was on percentages of how many respondents face the 
accessibility challenges reported in literature and summary statistics of the severity of the 
challenges. The sample size was 10 blind Web users and 5 sighted Web users, less than the 
20 recommended by Huxman (2000). This decision was based on sample size 
recommendations for usability studies where it has been noted that most usability problems 
are detected with in the first three to five subjects and testing with additional subjects during 
the same test is unlikely to reveal new information (Virzi, 1992, Nielsen and Landauer, 1993 
and Lewis, 1994). Virzi (1992) carried out an experiment to find out the average problem 
discovery curves for participants in usability evaluations from which they made three claims 
that:
• observing four or five participants allows practitioners to discover 80% of a product’s 
usability problems
• observing additional participants reveals fewer and fewer new usability problems
• observers detect the more severe usability problems with the first few participants
1.4.2 Research Procedure
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Nilesen (2000) and Turner, Lewis and Nielsen (2006) also noted that observing four or five 
participants allows practitioners to discover 80% of a system’s usability problems. Hence 
based on these recommendations, it was our conviction that the sample size chosen would 
provide a tight confidence interval.
For the task on finding out usability problems faced by actual users o f the Web Content 
Accessibility Guidelines, the interest was also on percentages of participants who find WCAG 
hard to use to find required advice and specific features that cause this. The sample size was 
also 10 based on the same reasoning as that given for the first task. In addition the 
information needed was novel and not available from any other source.
Concerning the third task on testing i f  the user interface o f the proposed framework makes it 
easier to find required advice from WCAG and related documents, the interest was not any 
different from that of the other tasks. We were also interested in percentages of participants 
who found the framework interface easier to use to find required advice in terms of time 
spent to retrieve the advice and if the obtained advice was correct together with the summary 
of the percentages between the two user interfaces. The sample size was 40 (30 Web 
developers and 10 IT managers). In addition the information needed from the evaluation was 
novel and could not be obtained from any other source.
But using questionnaires in research has got some limitations notably: people may lie 
because they are biased, due to the way the question is asked or because they do not want the 
company conducting the research to feel bad, people may be annoyed by the questionnaire 
taking their time and therefore give very short nonsensical answers and it is time consuming 
(Walonick, 2000). To void the common limitations of questionnaires, we varied the 
questioning format to prevent respondents from falling into "response sets" (Walonick, 
2000). We also grouped questions into coherent categories such that all items flowed 
chronologically. We also provided incentives to the local participants in form of a free 30 
minutes tutorial on usability/accessibility at the beginning of the evaluation exercise and 
refreshments. For foreign Web developers, we targeted practitioners of Web accessibility and 
usability with personal interest in Web accessibility.
The questionnaires were pre-tested on representatives of the target audience during which 
potential flaws such as clarity of questions, respondents’ views about the duration of the 
questionnaire and unexpected responses were established and corrected. Details about how 
questionnaires were administered on each of the three tasks are given in sections 2.5, 3.7 and
6.3 respectively.
ii. Design Science Research
Design science research aims at the construction and evaluation of generic means-ends 
relations (Winter, 2008). In Information Systems (IS), design-oriented research is aimed at 
the construction of ‘better’ IS-related problem solutions. This is different from behavioral IS 
research which aims at the exploration and validation of generic cause-effect relations and 
uses statistical significance to establish a clear and common measure of the results’ rigor 
(Winter, 2008). The design science methodology is an amalgamation of a number of fields 
namely: engineering, computer science, management and social sciences (Winter, 2008).
Design science artifacts that are commonly accepted in IS design science research include: 
constructs, models, methods and instantiations (March and Smith, 1995). Constructs 
constitute the ‘language’ to specify problems and solutions; models use the language to 
represent problems and solutions; methods describe processes which provide guidance on 
how to solve problems and instantiations are problem-specific aggregates of constructs, 
models, and methods.
Hevener (2007) noted that design science research is an embodiment of three closely related 
cycles of activities namely: the relevancy cycle, the rigor cycle and the central design cycle.
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The relevance cycle inputs requirements from the contextual environment into the research 
and introduces the research artifacts into the environment for field testing. The rigor cycle 
provides grounding theories and methods along with domain experience and expertise from 
the foundational knowledge base into the research and adds the new knowledge generated 
from research to the growing knowledge base. The central design cycle supports a tighter 
loop of research activity for the construction and evaluation of design artifacts and processes. 
The components, activities and interactions between the three cycles are illustrated in figure 
1.
Figure 1 Design Science Research Cycles adapted from Hevner (2007)
As shown in figure 1 the relevancy cycle takes place in the application environment where 
requirements for the design artifacts and processes are obtained from the people as well as 
organisational and technical systems. The requirements represent the existing problem (s) and 
opportunities for better solutions. In addition after design artifacts and processes have been 
built, the relevancy cycle introduces them to the application environment for field testing. On 
the other hand the design cycle is where design artifacts and processes are built and evaluated 
against the domain requirements. And the rigor cycle provides the underpinning theories, 
methods along with the domain experience and expertise from the knowledge base. 
Additionally the rigor cycle adds the generated knowledge to the knowledge base.
Our interest in this section is the design cycle that is the construction and evaluation of the 
framework for filtering accessibility guidelines (an information retrieval technique that makes 
Web accessibility guidelines easier to use to find required advice). Following is a discussion 
of the design and development process of the framework.
Design of the Framework for Filtering Accessibility Guidelines
The design of the framework was based on the principles of focused retrieval. Focused 
retrieval (FR) is an information retrieval approach that retrieves specific information in 
response to a user query rather than entire documents (Joty & Al-Hassan, 2007). The focused 
retrieval technique is based on a number of principles that guide its underlying functioning. 
Table 1 provides a summary of how the design of the framework applies the principles of 
focused retrieval.
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Table 1 A summary of how the design of the framework applies the principles of focused
retrieval
Principles of Focused Retrieval (FR) How the framework applies the 
principles
Motivated by presence of context scenario 
of nested information that fulfills the user’s 
need but is buried in the long document 
(Joty & Al-Hassan, 2007)
Motivated by the need for users of Web 
accessibility guidelines to find information 
tailored to their roles and responsibilities 
but is buried with in the long document 
(Donelly & Magennis, 2003)
Relevance to a domain depends on “context 
variables” e.g. the data, the person 
searching and the task (Sigurbjoornsson, 
2006)
Relevance of the framework to a domain is 
driven by the varying context of use of 
groups of users e.g. role, topic
The added value is that it can give an 
overview of the content of different sub­
parts of the document either as structured 
result lists or direct links
Provides full content for the segments 
relevant to the query rather than just an 
overview or links
Uses DTD to define focused retrievable 
subsections (subtrees)
Use DTD to define context retrieval 
subsections
Commonly used in three application areas: 
passage retrieval - retrieves most relevant 
fragments from heterogeneous documents; 
element retrieval -  retrieves relevant XML 
elements from XML documents and a 
question answering engine - finds answers 
to questions posed (Joty & Al-Hassan, 
2007)
Combines both passage and element 
retrieval in that it identifies and extracts 
relevant fragments of information from a 
long document but also parses information 
requests by searching the DTD and 
identifying attributes that define content 
filtration units
Figure 2 illustrates how the principles of focused retrieval were used in the design of the 
framework for filtering Web accessibility guidelines
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Utility of the framework is 
motivated by context of use 
requirements e.g. roles, topics,
Users of accessibility guidelines want 
guidance tailored to their roles aYid 
responsibilities
Retrieves full content for subtrees relevant to 
user query from single long documents
o
X
XHTML/HTML structural elements such as 
paragraphs and headings are extended with 
content filtration attributes
Figure 2 Illustration of how the principles of focused retrieval were used for the design of the 
framework for filtering accessibility guidelines
Development of the framework for filtering accessibility guidelines
To implement the framework, a prototype was developed for the WCAG 1.0 guidelines using 
cascading style sheets (CSS) and a plug and play style sheet switcher. CSS was used to create 
alternative views for predefined subtrees of relevancy to different groups of users. Each 
alternate view (style sheet) specifies which content to retrieve and which one not to when 
ever this sheet is selected. The "plug and play" style sheet switcher is used to link 
dynamically the alternative style sheets with the entire guidelines document and the quick 
access menu (QAM) on the end user interface. This linkage allows users to switch between 
predefined views using the Quick Access menu depending on their interest. Originally 
developed for dynamic varying of the end look of Web sites, we used the style sheet switcher 
to dynamically vary displayed content depending on the users’ context of use.
To develop the prototype, the structural elements of the WCAG 1.0 guidelines document 
were extended with content filtration attributes. The content filtration attributes define the 
predefined subtrees of relevancy to user contexts of use like roles or topics for each piece of 
information in the entire document, a procedure called microformating (Athkinson, Dhiensa 
& Machin, 2006). The predefined subtrees are made known to the user in the end user 
interface through the Quick Access Menu (QAM). The next subsection discusses the 
methodology used for the evaluation of the design of the framework.
14
Evaluation o f the design o f the framework for filtering accessibility guidelines
Hevner (2007) advised that during the performance of the design cycle for design science 
research, it is important to maintain a balance between the efforts spent on constructing and 
evaluating the evolving design artifact. He reasoned that having a strong grounded argument 
for the construction of the artifact is insufficient if the subsequent evaluation is weak. Hence 
it was important to evaluate the design and implementation of the framework to establish its 
usefulness to the usability of Web accessibility guidelines. The rest of this section discusses 
how the design of the framework was evaluated.
Evaluation of the design of the framework using the Cognitive Walkthrough Technique
In software development, evaluation of the design is the first evaluation performed before 
starting implementation (Dix et al.., 2004). This helps to detect and correct any potential 
problems early in the development process thus avoiding expensive mistakes. Most 
techniques used for evaluating software designs do not involve end users but rather the 
designer or human factors expert assessing the impact of the design on a typical user. The 
aim of evaluating the design is to identity areas likely to cause difficulties based on known 
cognitive principles or ignore known empirical results (Dix et al., 2004). There are various 
design evaluation techniques but for this research, we used the cognitive walk-through 
method, a simple, inexpensive and straight forward technique for checking potential usability 
flaws in early software designs. The cognitive walkthrough is a technique for evaluating the 
design of a user interface with special attention to exploratory learning -that is first-time use 
without formal training (Rieman, Franzke & Redmiles, 1995). It is a practical usability 
evaluation technique grounded in Lewis and Polson's theory of exploratory learning, a 
technique which describes human computer interaction in terms of four steps:
i. The user sets a goal to be accomplished with the system (for example find out about 
the organisation).
ii. The user searches the interface for currently available actions (menu items, buttons, 
command-line inputs, etc.)
iii. The user selects the action that seems likely to make progress towards the goal
iv. The user then performs the selected action and evaluates the system's feedback for 
evidence that progress is being made towards the current goal (Rieman, Franzke & 
Redmiles, 1995).
The cognitive walkthrough technique originated from the code walkthrough method well 
known in software engineering (Dix et al., 2004). Walkthroughs require a detailed review of 
a sequence of actions. In the code walkthrough, the sequence refers to a segment of code that 
reviewers step through to check for certain characteristics such as none violation of system 
wide variants. In the cognitive walkthrough, the sequence of actions refers to the steps that a 
user interface will require a user to perform in order to accomplish some tasks. The 
evaluators step through the sequence of actions to check for potential usability problems. The 
purpose of a cognitive walkthrough is to establish how easy a system is to learn. According to 
Dix et al., (2004), users prefer to learn a system by exploring its functionality rather than 
attend training or examination of a user’s manual. So the checks that are done during the 
walkthrough ask questions that address exploratory learning. To accomplish this, evaluators 
go through steps required to perform user interface functions and provide an account on why 
each step is good or not for the user. To undertake a cognitive walkthrough, Dix et al., (2004) 
recommends that evaluators to have the following:
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• A prototype: This does not have to be complete but it should be detailed with location and 
naming of menu items
• Representative tasks that most users want to perform on the system
• A complete written list of the actions, a user needs to perform to accomplish the task
• An indication of who the users are and what kind of experience and knowledge evaluators 
can assume about them.
Once the above information has been ascertained, evaluators step through the action sequence 
to critique the system and give an account of its usability. This process is guided by a list of 
questions about the likely user experience. The questions cover: whether users will be trying 
to produce what ever effect the action has; if users will notice that the correct action is 
available e.g. a button; whether once users find the correct action at the interface, they will 
know it is the right one for what they want to achieve and if after the action is taken, users 
will understand the feedback got to determine whether they have accomplished their goals or 
not. The usability account obtained from the walkthrough is then analysed to identify and 
correct usability flaws.
Details about how the cognitive walkthrough was used in the evaluation of the design of the 
framework are given in section 6.2. The next section discusses how the implementation of the 
framework was evaluated on actual users of Web accessibility guidelines.
Evaluation o f the implementation o f the framework using the experimental design 
methodology
Evaluation of Software implementation focuses on testing with actual users of the system or 
their representatives (Dix et al., 2004). The major difference with that of the design is the 
existence of an actual implementation in some form. This may be a basic functional 
prototype, a simulation of the system’s interactive capabilities or a fully implemented system.
In the evaluation of the framework for filtering accessibility guidelines, we combined 
experimental evaluation with interactive information retrieval evaluation. The test 
environment except for the experiment with foreign developers (one of the groups of 
participants) was the experimental style while the evaluation tasks were of interactive nature. 
This helped us save both cost and time in addition to obtaining better quality results than 
would have been possible from using only one of the two methods. Use of the experimental 
evaluation methodology for focused retrieval systems is recommended in Tague-Sutcliffe 
(1992) and Joty & Al-Hasan (2007). However the experimental evaluation framework has 
been criticized for its failure to account for user interaction. Interactive information retrieval 
evaluation studies which study the interaction between users and retrieval systems are 
recommended to complement experimental tests (Joty & Al-Hasan, 2007).The interactive 
aspect does not address any central research questions but serves as an experimental 
framework where participants address their own questions (Joty & Al-Hasan, 2007). 
Interactive retrieval has been a part of Text REtrieval Conferences (TREC), an on-going 
series of workshops focusing on a list of different information retrieval tracks from its early 
days. The purpose of TREC is to support and encourage research within the information 
retrieval community by providing the infrastructure necessary for large-scale evaluation of 
text retrieval methodologies and to increase the speed of lab-to-product transfer of technology 
(Joty & Al-Hasan, 2007).
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Note: The evaluation with foreign developers was carried out online rather than in a 
controlled environment due to the researcher’s inability to get the group together in one 
physical location.
The following section gives a brief overview of the experimental design methodology mainly 
based on Dix et al., (2004).
The Experimental Design Methodology: Experimental design methodology is one of the 
most powerful methods for evaluating the implementation of software systems (Dix et al,.
2004). It involves an experiment which provides empirical evidence to support a claim or 
hypothesis. The evaluator chooses a hypothesis to test which can be determined by measuring 
some attribute of subject behavior. A number of experimental conditions are considered 
which differ only in the values of certain controlled variables. Any changes in the behavioral 
measures are attributed to the different conditions. For a reliable experiment, Dix et al., 
(2004) recommends careful consideration of a number of factors namely: choice of subjects, 
variables to test and manipulate and the hypothesis to test. Next we briefly explain what each 
factor means and why it matters.
Subjects: The choice of subjects needs to match the expected user population as closely as 
possible. Preferably the test experiment should be done on actual users with a similar age 
group, level of education, experience with computers and the system being tested as well as 
their experience or knowledge of the task domain. In addition, the sample size chosen should 
be large enough to be considered representative of the population taking into account the 
design of the experiment and the statistical methods chosen. As a rough guide, Dix et al 
(2004) recommends a sample size of at least 10 subjects. Other usability studies have 
recommended 4 to 5 users such as Nielsen (2006).
Variables: Experiments manipulate and measure variables under controlled conditions. 
There are two types of variables i.e. those that are manipulated called independent variables 
and those that are measured called dependent variables. Independent variables are 
characteristics of the experiment which are manipulated to produce different conditions for 
comparison e.g. interface style, level of help and number of menu items. On the other hand, 
dependent variables are the variables which can be measured in an experiment e.g. the speed 
of menu selection and speed of task completion. Common choices for dependent variables in 
software evaluation experiments are the time taken to complete a task, the number of errors 
made, user preference and the quality of the user’s performance (Dix et al., 2004). According 
to Joty and Al-Hasan (2007) and Sigurbjornsson (2006), the baseline of measuring 
performance of information retrieval systems can be speed and accuracy parameters where 
speed refers to the response time of the system and accuracy is measured by the relevance of 
retrieved information.
Hypothesis: This is a prediction of the outcome of an experiment. It is framed in terms of the 
independent and dependent variables forecasting that a variation in the independent variable 
will cause a difference in the dependent variable. The aim of the experiment is to show that 
the hypothesis is correct.
Experimental design method: After ascertaining the subjects, variables and the hypothesis, 
the next stage is to decide on the experimental method to use. There are two main methods 
namely: between groups and within groups. In the between groups method, each subject is 
assigned a different condition-that is either the experimental condition in which the variable
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has been manipulated or the control condition which is identical to the experimental 
condition except for the manipulation. This is aimed at ensuring that it is the manipulation 
which is responsible for any differences which are measured.
The within groups design method is where a user performs under each condition. The 
disadvantage of this method is that the design can suffer from transfer of learning effects but 
this can be lessened if the order in which the conditions are tackled and the presentation of 
tasks for each condition are varied. Its advantage is that it requires fewer users and can be 
effective where learning is involved. There is also less chance of effects from variation 
between users. According to Dix et al., (2004), the choice of the method to use depends on 
the resources available, how far learning transfer is likely or can be controlled and how 
representative the subject group is considered to be. Next we discuss how the combination of 
experimental design methodology and interactive information retrieval evaluation was used 
to evaluate the implementation of the framework for filtering accessibility guidelines.
Evaluation of the implementation of the framework using experimental design 
methodology and interactive information retrieval evaluation
The primary aim of evaluating the implementation of the framework was to find out if the 
framework’s interface was easier to use to find required advice compared to that of WCAG 
guidelines. The variables used to measure ease of use were the rating of time taken to obtain 
required advice and if the obtained advice from either interface was correct. Dix et al,. (2004) 
noted that common choices for dependent variables in software evaluation experiments are 
the time taken to complete tasks and the number of errors made. On the other hand Joty and 
Al-Hassan (2007) advised that the baseline for measuring performance of information 
retrieval systems can be speed of completing tasks and accuracy of retrieved information.
The test subjects included Web developers (20 from Uganda and 10 foreign) and 10 IT 
managers also from Uganda. This exceeded the minimum 5 recommended by research 
studies on sample size for usability evaluation studies discussed in 1.4.2 (i). Moreover for 
usability studies involving multiple groups of disparate users like this one, Nielsen (2000) 
recommends 3-4 users from each category.
The hypothesis was: Users can find required advice more easily using the interface of the 
framework guidelines compared to that of WCAG guidelines.
The independent variables were: User interface styles of the framework guidelines 
(experimental condition) and WCAG1.0 guidelines (control condition).
The dependent variables were: The rating of time taken to find required advice and the rate 
of getting correct advice.
Experimental method used: We used a within groups’ method in which each test subject 
performed tasks under both the experimental and control conditions. The users were 
presented with a set of tasks to perform on both the framework interface and the WCAG 1.0 
interface. In order to avoid transfer of learning from tasks performed on one type of interface, 
the tasks for each interface though testing similar aspects were varied e.g. one task on the 
framework interface asked test subjects to find advice for visual disability while a related task 
on WCAG 1.0 interface asked to find advice for hearing disability. The next section discusses
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how the results obtained from the evaluation of the implementation of the framework were 
analysed.
Analysis of the results from the evaluation of the implementation of the framework
The results obtained from the evaluation of the framework were analysed using SPSS a 
statistical computer package. SPSS stands for Statistical Product and Service Solutions. It is a 
powerful computer program which is capable of a wide variety of statistical analysis and is 
the standard statistical package used by governments, business and academia (Cook, 1993). 
SPSS was used to compute percentages of time spent to complete given tasks and how many 
participants obtained correct advice using the framework and WCAG 1.0 user interfaces. It 
was also used to calculate if there was a significant difference between the time taken to 
complete tasks and how many obtained correct advice between the framework and WCAG
1.0 interfaces. This was accomplished using T-Test in particular the paired samples T-Test 
which is discussed next.
The Paired Samples T-Test
To determine if the framework interface was significantly easier to use to find required 
advice compared to the WCAG interface, it was necessary to compare the means of the two 
user interfaces for the two dependent variables tested that is time taken to complete tasks and 
how many obtained correct advice. This was accomplished using the paired samples T-Test. 
T-Test is a statistical test that assesses whether the means of two groups are statistically 
different from each other (Trochim, 2006). This analysis is appropriate when looking at the 
difference between scores of two groups or conditions. What is judged is the difference 
between their means relative to the spread or variability of their scores. The formula for T- 
Test is a ratio where the top part is the difference between the two means or averages and the 
bottom part is the measure of the variability or dispersion of the scores. This is essentially a 
form of signal to noise metaphor where the difference between the means is the signal that is 
thought to have been introduced into the data by the experimental condition and the bottom 
part is a measure of the variability that is essentially noise that may make it harder to see the 
group difference (Trochim, 2006). The formula for T-Test is
Signal _ Difference between group means 
Noise Variability of groups
The top part of the formula is computed by finding the difference between the means, while 
the bottom part is the standard error of the difference which is computed by taking the 
variance for each group and dividing it by the number of people in that group then adding the 
two values and taking their square root. i.e.
Note: T is the treatment/experimental group, C is the control group and n is the number of 
test participants.
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The final formula for T-Test (t) is:
xT-  xc
/  varT varc 
V nT + nc
There are different types of T-Tests namely; one sample T-Test, independent sample T-Test 
and the Paired Sample T-Test. The one-Sample T-Test compares the mean score of a 
sample to a known value. Usually the known value is a population means (the average of all 
the items in a population). On the other hand the independent samples T-Test compares the 
mean scores of two groups on a given variable e.g. a comparison of the mean blood pressure 
of patients who received a new drug treatment versus those who received a placebo (a sugar 
pill) (Archambault, 2000). The paired samples T-Test compares the means of two variables 
to test if the average difference is significantly different from zero.
To test if  there was a significant difference between the means of the framework and WCAG 
interfaces on time taken to complete tasks and how many obtained correct advice, the paired 
samples T-Test was the most appropriate technique given that it compares the means of two 
variables and returns the significance value.
The paired samples T-Test works under the assumption that both variables are normally 
distributed which can be checked using the normal quantile plot (Q-Q plot). With the Q-Q 
plot, data fitting a normal distribution will lie along a (diagonal) straight line unlike data 
following a different distribution (Archambault, 2000). This functionality is provided in most 
versions of SPSS such as version 10 that was used in this research. In addition to checking 
normal distribution of data, the researcher formulates a null (H0) and alternate (H1) 
hypothesis. The null asserts that there is no significant difference between the means of the 
two conditions, while the alternate claims the opposite. After computation, if the significance 
value is less than 0.05, there is a significant difference otherwise there is no significant 
difference (Archambault, 2000). In most SPSS packages such as version 10, the paired 
samples T-Test is found under Analse menu, Compare Means, Paired Samples T-Test. 
Details about how the paired samples T-Test was used in the evaluation of the difference 
between the ease of use of the framework and WCAG 1.0 interfaces are given in section 6.4.
The next chapter examines the problems faced by people with disabilities on the Web and to 
what extent the widely recognised and adopted Web Content accessibility Guidelines 
(WCAG) provides guidance on addressing such challenges.
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CHAPTER TWO RELATING DISABILITY AND THE WEB 
Summary
The contribution of this chapter is to demonstrate whether the guidance given in the Web 
Content Accessibility Guidelines (WCAG) is relevant to the Web accessibility problems 
faced by people with disabilities. This provides a basis as to whether improving WCAG’s 
ease of use has a potential to contribute considerably to a more accessible Web.
It starts with a discussion of the disabilities that affect Web accessibility and their relationship 
with Web based systems based on properties of the two entities. This is followed by an 
analysis of the challenges people with disabilities face on the Web based on literature and a 
case study on blind Web users. The case study was carried out to investigate whether the 
challenges known by the research community are similar or related to the actual challenges 
faced by people with disabilities and if the actual challenges are also the ones covered by 
WCAG guidelines. Finally it reviews to what extent the widely recognised and adopted 
WCAG provides guidance on the practical Web accessibility problems faced by people with 
disabilities.
2.1 Disabilities that Affect Web Accessibility
The Disability Discrimination Act of UK (1995) defines a person with disability as someone 
with a sensory, physical or mental impairment which has a substantial and long-term adverse 
effect on his ability to carry out normal day-to-day activities. The International Classification 
of Functioning, Disability and Health (ICF), a WHO framework for health and disability, 
defines disability or impairment as a significant deviation/loss of the body’s physiological 
functions (Mourouzis, 2009). So far there are no universally accepted categorisations of 
disability although there is been efforts towards this goal (W3C, 2005). Hence to-date 
terminologies used vary from country to country and between disability communities.
The percentage of people with disabilities in many countries is between 10% and 20% (Shi, 
2005). In the EU, about 15% of the population has a disability such as visual, hearing, 
speech, cognitive, or motor impairment and about 16% of the same population are over 65 
years of age, a number that is estimated to rise rapidly in the coming years (Votis, Lopes, 
Tzovaras, Carrico & Licothanassis, 2009). In Australia, 20% of the population have 
disabilities and about one-quarter of Australians will be aged 65 years and over in 40 years 
time (Shi, 2005). In UK, about 14% of the population have some form of disability (Social 
firms, 2009). In Uganda according to the 1991 Population and Housing Census, 1.2% of the 
population had disabilities. However it was noted that this did not give an accurate picture of 
the actual prevalence rate of disability which is assumed to be higher (ILO, 2004). Chiang 
and colleagues (2005) observed that the problem of computer and Web accessibility is 
becoming increasingly significant because the prevalence of visual loss is rising. People aged 
65 years and older have a greater prevalence of low vision.
W3C (2005) categorised disabilities that affect a person’s use of the Web into:
• Visual disabilities: blindness, low vision, colour blindness
• Hearing impairments: deafness and hard of hearing
• Physical disabilities: motor disabilities
• Speech disabilities
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• Cognitive and neurological disabilities: dyslexia and dyscalculia (difficulty with 
calculations, and rapid processing of maths), attention deficit disorder, intellectual 
disabilities
• Multiple disabilities
• Ageing related conditions
Among other disabilities, visual disability has been noted to be a bigger threat to Web 
accessibility given that the Web is visual centric (Shi, 2005). The Web revolves around 
video, multimedia, real-time collaboration and interactive documents all of which are heavily 
visually based (Chiang et al., 2005). According to DRC (2004), blind Web users are 
particularly more disadvantaged on the Web compared to people with other disabilities.
The next section briefly explains the main characteristics of each disability and the common 
assistive tools and techniques people with each disability can use to access the Web. This is 
mainly based on W3C (2005).
2.1.1 Visual disabilities
Blindness: Blindness involves a substantial, uncorrectable loss of vision in both eyes (W3C, 
2005, Chiang et al., 2005). To access the Web, the blind mainly use screen readers (software 
that reads text on the screen and outputs it in speech format), braile display (a system that 
uses six to eight raised dots in various patterns to represent letters and numbers that can be 
read by the fingertips), text-based browsers such as Lynx or voice browsers instead of 
graphical user interface (GUI) browsers and rapid navigation strategies such as using the tab 
key to go through the headings or links rather than reading every word on the page in 
sequence.
Low Vision: Low Vision is a bilateral impairment to vision that significantly impairs the 
functioning of both eyes and cannot be adequately corrected with medical, surgical, therapy, 
conventional eyewear or contact lenses (Low vision.org). It is often a loss of sharpness or 
acuity but may also involve loss of field vision, light sensitivity, distorted vision or loss of 
contrast. It may often occur as a result of birth defects, injury, the ageing process or sickness. 
There are many types of low vision some times also referred to as partially sighted for 
instance poor acuity (vision that is not sharp), tunnel vision (seeing only the middle of the 
visual field), central field loss (seeing only the edges of the visual field) and clouded vision 
(W3C, 2005).
To use the Web, some people with low vision use extra-large monitors and or increase the 
size of system fonts and images. Others use screen magnifiers or screen enhancement 
software such as Lunar. Some individuals use specific combinations of text and background 
colours, such as a 24-point bright yellow font on a black background, or choose certain 
typefaces that are more legible for their particular vision requirements (W3C, 2005).
Colour blindness: Colour blindness is a lack of sensitivity to certain colours. Common forms 
of colour blindness include difficulty distinguishing between red and green, or between 
yellow and blue. According to W3C (2005) sometimes colour blindness results in the inability 
to perceive any colour. To use the Web some people with colour blindness use their own 
style sheets or system colour settings to override the font and background colour choices of 
the author.
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2.1.2 Hearing Disabilities
Deafness: Deafness involves a substantial uncorrectable hearing impairment in both ears. 
For some deaf individuals, their first language is a sign language and they may or may not 
read a written language fluently or speak clearly (W3C, 2005). To use the Web many people 
who are deaf rely on captions for audio content. They need to turn on the captions on an 
audio file as they browse a page, concentrate harder to read what is on a page or rely on 
supplemental images to highlight context.
Hard of hearing: These are people with mild to moderate hearing impairment (W3C, 2005). 
To use the Web, people who are hard of hearing may rely on captions for audio content 
and/or amplification of audio. They may need to toggle the captions on an audio file on or off 
or adjust the volume of an audio file.
2.1.3 Physical disabilities
Motor disabilities: Motor disabilities can include limitations of muscular control (such as 
involuntary movements, lack of coordination, or paralysis), limitations of sensation, joint 
problems, or missing limbs. Some physical disabilities can include pain that impedes 
movement and the conditions can affect the hands and arms as well as other parts of the body 
(W3C, 2005).
To use the Web people with motor disabilities may use a specialised mouse, a keyboard with 
a layout of keys that matches their range of hand motion, a head-mouse, voice-recognition 
software, may activate commands by typing single keystrokes in sequence with a head 
pointer and may need more time when filling out interactive forms (W3C, 2005).
2.1.4 Speech disabilities
Speech disabilities can include difficulty in producing speech that is recognisable by some 
voice recognition software either in terms of loudness or clarity (W3C, 2005). To use parts of 
the Web that rely on voice recognition a person with a speech disability needs to be able to 
use an alternative input mode to speech input such as keyboard in put.
2.1.5 Cognitive and neurological disabilities
Visual and auditory perceptual disability: Individuals with visual and auditory perceptual 
disabilities including dyslexia (learning disabilities) and dyscalculia (difficulty with 
calculations and rapid processing of maths) may have difficulty processing language or 
numbers, processing spoken language (auditory perceptual disabilities) and spatial 
orientation. To use the Web such people may rely on getting information through several 
modalities simultaneously. For instance a person with reading difficulty may use a screen 
reader to facilitate comprehension while another one with an auditory processing disability 
may use captions to aid faster understanding of an audio track.
Attention deficit disorder: This is associated with difficulty focusing on information. To 
use the Web people with this condition may need to turn off animations on a site in order to 
be able to focus on its content.
Intellectual disabilities: Individuals with impairments of intelligence (sometimes called 
developmental disabilities or mental retardation) may learn more slowly, or have difficulty
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understanding complex concepts. Down syndrome is one of the causes of intellectual 
disabilities (W3C, 2005). To use the Web such people may take more time on a Web site, 
may rely more on graphics to enhance understanding of content and may benefit from a 
simplified language on a Web site in relation to the intended purpose.
Memory impairments: Individuals with memory impairments may have problems with 
short-term memory, missing long-term memory or may have some loss of ability to recall 
language. To use the Web effectively such people may be helped by a consistent navigational 
structure throughout the Web site (W3C, 2005).
Mental health disabilities: These are associated with difficulty focusing on information on a 
Web site, or difficulty with blurred vision or hand tremors due to side effects from 
medications. To use the Web they may need to turn off distracting visual or audio elements or 
use screen magnifiers.
Seizure disorders: Some individuals with seizure disorders, including people with some 
types of epilepsy are triggered by visual flickering or audio signals at a certain frequency. 
According to W3C (1999), people with photosensitive epilepsy can have seizures triggered 
by flickering or flashing in the range of 4 to 59 flashes per second (Hertz) with a peak 
sensitivity at 20 flashes per second as well as quick changes from dark to light. To use the 
Web, people with seizure disorders may need to turn off animations, blinking text, or certain 
frequencies of audio to prevent triggering seizures.
2.1.6 Multiple Disabilities
Combinations of disabilities may make a user's accessibility needs complex. For example, 
while a person who is blind can benefit from hearing an audio description of a Web-based 
video and one who is deaf can benefit from seeing the captions accompanying audio files, 
someone who is both deaf and blind needs access to a text transcript of the description of the 
audio and video which they can access on a refreshable braille display. Similarly a person 
who is deaf and has low vision might benefit from the captions on audio files but the captions 
must be enlargeable and the colour contrast adjustable. Someone who cannot move his or her 
hands and also cannot see the screen well might use a combination of speech input and 
speech output.
2.1.7 Ageing-related conditions
Changes in people's functional ability due to ageing can lead to changes in abilities in 
sensory, physical and cognitive abilities or a combination of two or more of these (W3C,
2005). Assistive tools and techniques for people with ageing related conditions are the same 
as those used by people with disabilities. According to W3C (2005) combination of two or 
more disabilities for senior Web users is a common occurrence due to concurrent changes in 
sensory, physical and cognitive abilities.
2.1.8 Injury or medication related conditions
Besides people with disabilities and the ageing, some people may have limitations of sensory, 
physical or cognitive functioning due to injuries or side effects from medication. Such people 
also benefit from Web accessibility adaptations.
Having seen the major characteristics of disabilities that affect Web accessibility, the 
following section examines properties of Web based systems.
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Web based systems are software systems developed and deployed on the Web for Web based 
access. These range from information only Web pages such as conference Web sites to Web 
applications such as a stock comparison tool (Fowler & Stanwick, 2004). Web based systems 
have a number of properties some of which are inherent in the invention philosophy of the 
Web where as others have emerged through continuous advancements of Web technology. 
These properties to-date largely determine the look and feel of Web based systems to 
different categories of users. The main properties so far include:
1. Non-linear access: Web based systems use HTML (Hypertext Markup Language) a Web 
programming language for developing hypermedia applications that can be shared on the 
Internet. HTML structures information into multiple linked layers (hypertext) hence 
access is link based and non- linear (Huang, 2003). Therefore people who access the Web 
by non-linear means such as the blind face challenges (Chiang et al., 2005).
2. Lack of control over end user access behavior and environment: Unlike designers of 
printed media, a Web designer has no control over how on-line users will browse through 
the pages such as the appearance of fonts and colours used on a page and, proportions and 
exact locations of the different Web texts in the client end’s user agent. Web users largely 
determine their own navigation paths and they are free to ‘jump’ to any location that 
interests them. In addition Web designers cannot know the exact hardware and software 
that the various potential users have. The way Web pages present information is partly 
determined by the users' own environment (Huang, 2003).
3. Heavy dependence on visual cues for input and output (Graphical user interface -GUI) 
based: Although GUIs are widely regarded as a major advance in human computer 
interaction, their heavy dependence on visual cues for input and output poses a significant 
problem for users with disabilities particularly visual disabilities (Chiang et al., 2005). In 
addition continuous advances in Web technology has made it more multimedia oriented 
to include video, flash, motion pictures and images. Though ideally this is good for 
enhanced communication certain media formats are unusable to Web users with 
disabilities.
4. Uses a multitude of technologies: To-date there are several technologies for developing 
and deploying Web based systems such as HTML, object oriented (OO) tools, scripting 
languages, database management systems (DBMs) etc. All these behave differently even 
between different versions of the same software.
5. Most developers are young and have near perfect sensory, physical and cognitive 
abilities. Nielsen (2001) noted that Web sites are normally produced by young developers 
who often assume that all users have near perfect visual and motor control and know 
everything about the Web.
Now that we know the common properties of Web based systems, the next section discusses 
how these properties affect Web users with disabilities.
2.2 Properties of Web Based Systems
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2.3 How Properties of Web based systems affect Web Users with Disabilities
As seen in section 2.1, disabilities that affect a person’s use of the Web include: visual, 
hearing, cognitive, physical, speech, multiple disabilities and age related conditions. But are 
the challenges faced by people with disabilities related to some or all the properties of Web 
based systems? Table 2 illustrates how the different properties of Web based systems affect 
Web users with visual disabilities. A full table with all the types of disabilities is attached in 
the appendix as appendix 1.
Table 2 How Properties of Web based systems affect Web users with disabilities (extract 
covering visual disability). A detailed discussion is given in Baguma et al., (2007).
Disability Associated Property of 
Web based Systems
Effect of the Property on people with the Disability
Blindness Non-linear access Affects linear access used by screen readers
Lack of control over end user 
access behaviour and 
environment
Some assistive technologies e.g. older screen readers may be 
incompatible with accessibility adaptations included in Web sites
Graphical User Interface (GUI) 
based
Some GUI especially peripheral content like banners and ads slow 
down access speed for screen reader users.
Use of varied technologies Older assistive technologies may not be compatible with new 
technologies
Young developers with near 
perfect vision
May affect the ability to effectively capture and implement 
accessibility requirements for the blind
Low Vision Non-linear access Difficulty to navigate pages when enlarged due to loss of 
surrounding context
Lack of control over end user 
access behaviour and 
environment
Different screen magnifiers may render the pages with varied 
colour contrasts
Graphical User Interface (GUI) 
based
Text presented as images may be unusable when enlarged due to 
loss of surrounding context
Young developers with near 
perfect vision
May affect the ability to effectively capture and implement 
accessibility requirements for people with low vision
Colour
blindness
Lack of control over end user 
access behaviour and 
environment
Different end user agents may out put pages with varying colour 
contrasts
Some user agents may not support user override of author style 
sheets/colour settings
Graphical User Interface (GUI) 
based
May be difficult to understand content presented as colour images
May be difficult to understand content where colour is used as a 
unique marker e.g. for emphasis
Use of varied technologies Different end user agents may produce pages with varying colour 
contrasts
Some user agents may not support user override of author style 
sheets
Young developers with near 
perfect vision
May affect the ability to effectively capture and implement 
accessibility requirements for colour blind users
Table 2 shows how properties of Web based systems affect Web usage for people with visual 
disabilities. The properties involved include: non-linear access, lack of control over end user
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access behaviour and environment, graphical user interfaces (GUIs), use of various 
technologies and domination of the development environment by young developers with fine 
abilities.
In the full table in appendix 1, seven out of the twelve disabilities that affect Web 
accessibility are affected by all the five properties of Web based systems. Low vision and 
colour blindness are affected by four properties and deafness, speech and seizure disorders 
are affected by three of the twelve properties. Each property that affects a given disability 
poses potential barrier (s) for Web access for people with that disability. For example 
blindness is affected by all the five properties and each property poses blind people at least 
one barrier for Web accessibility as follows:
The non-linear access nature of the Web affects speed of access with linear output based 
screen readers, a primary assistive technology for the blind; lack of control over end user 
access behaviour and environment may lead to compatibility problems between authoring 
tools and some assistive technologies used by the blind; a GUI based interface may slow 
down page access for blind Web users (screen readers access and present page content in a 
linear form); use of various technologies by end users may cause compatibility problems 
between some authoring tools and assistive technologies e.g. older screen readers may not be 
compatible with systems developed with newer authoring tools; finally domination of the 
Web development environment by young developers with near perfect vision may affect the 
effectiveness of capturing and implementing accessibility requirements for a typical blind 
Web user. Examples of problems Web users with other disabilities can face due to the 
properties of Web based systems are given in the full version of table 2 in appendix 1.
As illustrated in table 2 unless the Web development process considers the needs of users 
with disabilities in relation to the properties of Web based systems, this group of users will 
continue to have difficulties accessing the Web. In the following section we look at the 
difficulties faced by Web users with disabilities.
2.4 Practical Difficulties faced by Web Users with Disabilities
Given the Web's increasingly important role in society access to the Web is vital for all 
people including those with disabilities (W3C, 2005). However a person with sensory, 
physical or cognitive impairment faces significant difficulties accessing the present Web. In 
this section we discuss practical difficulties faced by Web users with disabilities based on 
literature and a case study on blind Web users in Uganda.
2.4.1 Barriers People with Disabilities Face on the Web
According to W3C (2005), common barriers that people with various disabilities can face on 
the Web are as follows:
The blind: images that do not have alternative text, complex images (e.g., graphs or charts) 
that are not adequately described, video that is not described in text or audio, tables that do 
not make sense when read serially, frames that do not have "NO FRAME" alternatives, or 
that do not have meaningful names, forms that cannot be tabbed through in a logical sequence 
or that are poorly labeled, browsers and authoring tools that lack keyboard support for all 
commands, browsers and authoring tools that do not use standard application programmer
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interfaces for the operating system they are based in and non-standard document formats that 
may be difficult for their screen reader to interpret.
Low vision: Web pages with absolute font sizes that do not change (enlarge or reduce) easily, 
Web pages with inconsistent layout hence difficult to navigate when enlarged due to loss of 
surrounding context, text, or images on Web pages that have poor contrast, and whose 
contrast cannot be easily changed through user override of author style sheets, text presented 
as images which prevents wrapping to the next line when enlarged and also many of the 
barriers for blindness depending on the type and extent of visual limitation.
Colour blindness: colour that is used as a unique marker to emphasize text on a Web page, 
text that inadequately contrasts with background colour or patterns and browsers that do not 
support user override of author style sheets.
Deaf: lack of captions or transcripts of audio content on Web pages including webcasts, lack 
of content-related images on text intensive Web pages- this can slow down comprehension 
for people whose first language may be a sign language, lack of clear and simple language 
and requirements for voice input on Web pages.
Motor disabilities: time-limited response options on Web pages, browsers and authoring 
tools that do not support keyboard alternatives for mouse commands and forms that cannot be 
tabbed through in a logical order.
Speech disabilities: Web pages without alternative input mode for sections that require 
voice-based interaction.
Visual and auditory perceptual disabilities: Lack of alternative modalities for audio and 
visual information on Web pages such as lack of alternative text that can be converted into 
audio to supplement visual content or lack of captions for audio content.
Attention deficit disorder: Distractive visual or audio material that cannot easily be turned 
off and lack of clear and consistent organisation of Web pages.
Intellectual disabilities: use of unnecessarily complex language on Web pages, lack of 
graphics on text intensive Web pages and lack of clear or consistent organisation of Web 
pages.
Memory impairments: lack of clear or consistent organisation of Web pages.
Mental health disabilities: distracting visual or audio elements that cannot easily be turned 
off and Web pages with absolute font sizes that do not enlarge easily.
Seizure disorders: use of visual or audio frequencies that can trigger seizures such as 
flickering or flashing in the range of 4 to 59 flashes per second (Hertz) with a peak sensitivity 
at 20 flashes per second as well as quick changes from dark to light (like strobe lights for 
people with photosensitive epilepsy).
The next subsection looks at the features that cause Web accessibility problems on the Web.
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2.4.2 Features that cause Web accessibility problems on the Web
In addition to the Web accessibility barriers given in section 2.4.1, current research has 
identified a number of features that cause Web accessibility problems on the Web notably:
• graphical user interfaces (GUIs) (Horton, 2006, Chiang et al., 2005, Leventhal, 2006)
• the non-linear navigation method of the Web (Harper, Goble & Stevens, 2001, 
Takagi, Asakawa, Fukuda, & Maeda, 2004, Asakawa, 2005)
• visual elements (Patil, 2007, Chiang et al., 2005, Horton, 2006)
• tables (W3C, 1999, Chiang et al., 2005, Huang, 2003, Horton, 2006)
• forms (Chiang et al., 2005, W3C, 2005, Thatcher et al., 2002)
• frames (W3C, 2005)
• lack of keyboard support (W3C, 1999, W3C, 2005, Horton, 2006)
• lack of orientation (Harper et al.,. 2001, Patil, 2007)
• non-standard document formats (W3C, 1999, Chiang et al., 2005, Horton, 2006)
• Abbreviations and acronyms (W3C, 2005)
• Web 2.0’s highly interactive rich internet applications most of which are very visual 
and rely on mouse interactions to operate (Gibson, 2007)
Details about Web accessibility problem (s) caused by each feature are given in Baguma and 
Lubega (2008).
Interestingly all the features given in literature are related to the properties of Web based 
systems (discussed in section 2.2), some directly like GUIs and others indirectly like lack of 
keyboard support. This is evidence that the problems faced by Web users with disabilities 
stem from the non inclusive nature of the features of the Web and its continuous 
developments. But are these features indeed a problem for people with disabilities? Are there 
any other features or problems people with disabilities face on the Web that are not yet 
known by the research community? Next we present results of a case study that was carried 
out to investigate whether the challenges known by the research community are similar or 
related to what people with disabilities face.
2.5 Barriers faced by Web users with disabilities: Case Study on Blind Web Users
2.5.1 Introduction
The aim of the study was to investigate whether the challenges faced by Web users with 
disabilities are the ones known by the research community. The case study involved 10 blind 
and 5 sighted Web users. The participants performed tasks on five sample Web sites covering 
common Web applications namely: search engines, news portals, e-commerce and a tourism 
portal. Each of the Web sites chosen had one or more of the features reported in literature to 
hinder accessibility for the blind. Features not found in the sample Web sites or that could not 
be sufficiently evaluated using the sample Web sites were tested by the researchers using Job 
Access with Speech (JAWS) 8.0 screen reader
(http://www.freedomscientific.com/products/fs/jaws-product-page.asp). A Web site designed 
to be accessible to people with disabilities and also reported to be compliant with WCAG 1.0 
guidelines was included in the sample to compare its usability with others. Only participants 
with intermediate Web usage skills and above were involved in order to minimize skill 
related other than visual disability related problems with the tasks. The tasks and associated 
questions made participants interact with the Web site features reported to affect Web 
accessibility such as graphical user interfaces (GUIs), forms and tables.
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Participants were required to open sample Web sites (the blind were to use JAWS screen 
reader), perform specified tasks (that were related to the features of interest), give feedback 
about the results and any problems encountered. The questions covered: if the user was able 
to perform the task, how long it took to access a given information item, what happened in 
cases where the task could not be successfully executed and any problems faced while 
performing the task.
The questionnaire was e-mailed to 10 blind and 5 sighted participants on 1st July 2007 to be 
returned by 30th July 2007. Five of the blind participants were university students and the rest 
were working class. During the time of the assessment, we checked the sample Web sites in 
the morning and afternoon to ensure the features referred to in the tasks were available and 
functioning as required. The five sighted Web users were included to compare the experience 
of the two groups. The features tested on the sample Web sites were as follows:
• A short form on Google (www.google.com) used for its search functionality. The task 
was to search about the theme of the 2007 Commonwealth Heads of Government 
Meeting (CHOGM 2007) which was due to take place in Kampala, Uganda from 23rd to 
25th November 2007 and preparations were in high gear involving almost every citizen.
• A detailed form on Amazon (www.amazon.com) used for ordering goods. The task was 
to search for any book of interest, order for one up to submission of shipping address.
• Tables (layout) and images on New Vision (www.newvision.co.ug). The task was to open 
the national link on the home page and read the first story.
• Flash on About Uganda (www.aboutuganda.com). The task was to open the home page 
and listen to its contents.
• Images on the designed to be accessible British Broadcasting Corporation (BBC) Web 
site (www.bbc.co.uk). The task was to open the News link on the home page and read the 
first story. The interest was to find out if images on this Web site were accessible to the 
blind in comparison to the images on the New Vision Web site.
2.5.2 Results of the Case study for Blind participants:
Out of the 10 blind Web users who were sent the questionnaire, 8 (80%) responded and all 
the five sighted participants responded. Figure 3 presents the time taken to access a given 
information item on each Web site by the blind participants and tables 3 and 4 present a 
summary of the quantitative and qualitative results about the Web accessibility experience of 
blind participants on the sample Web sites.
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Figure 3 Time taken by the Blind to access a given Information Item on Sample Web sites
Table 3. Quantitative Results about the Experience of Blind Web users
Question Google Amazon About
Uganda
New
Vision
BBC
Yes No Yes No Yes No Yes No Yes No
Found Required information item 8 0 7 1 8 0 8 0 8 0
Could use info item obtained to 
perform given task
0 8 0 7 8 0 8 0 8 0
Understood content in text form NA NA NA NA NA NA 8 0 8 0
Understood content in image form NA NA NA NA NA NA 0 8 8 0
N.B. ‘NA’ means that a particular question did not app y to that We b site
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Table 4. Summary Qualitative Results about the Web Accessibility Experience of Blind Web
Users
What
happened?
Couldn’t get 
info Item 
Required
Couldn’t use 
info obtained 
to perform 
given task
Couldn’t 
understan 
d text
Couldn’t
understand
images
Any other 
Problems
Google No problem Could get to 
list of links but 
screen reader 
could not read 
results (8)
NA NA No problem
Amazon Failed to 
open
homepage
(1)
Couldn’t get 
info on how to 
proceed after 
getting search 
results (7)
NA NA Not able to order 
book of interest 
due to lack of 
relevant cues (8)
About
Uganda
No problem No problem NA NA No problem
New
Vision
No problem No problem No
problem
Screen reader 
kept silent on 
certain 
sections (5)
Got vague 
messages e.g. 
‘out of 
field’(3)
Difficulty tracing 
headlines (4)
BBC No problem No problem No
problem
No problem Difficulty 
determining 
which story came 
first (6)
N.B. NA’ means that a particular question did not apply to that website and ‘No problem’ 
means that there was no problem for that task.
2.5.3 Results of the Case study for Sighted Participants:
As earlier noted, the sample Web sites were also tested on 5 sighted users on similar tasks to 
compare the experience of the two groups. The results obtained were as follows:
All the sighted users took less than three minutes to access a given information item on all the 
Web sites, performed the tasks successfully and understood the content in text as well as in 
image form. However two of them faced problems with the task on the Amazon Web site. A 
first time online shopper did not find guidance on how to shop, the second participant was 
sensitive about submitting a functioning e-mail address. Other complaints on Amazon were 
that there was too much clutter, it was difficult to find the shopping cart and the need to scroll 
to read content. Other than Amazon, participants also complained of many flash images on
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‘About Uganda’ Web site that made page loading slow. Next we discuss the results obtained 
from both groups.
2.5.4 Discussion of the Results from the Case Study
Time Taken to Access Required Information Items: All the blind users took above 5 
minutes to access a given information item on all Web sites except BBC where they took 3 to
5 minutes. The sighted took less than three minutes on all the Web sites. The results 
confirmed the fact that Web sites designed to be accessible provide better Web accessibility 
experience for the blind and most likely to other people with disabilities as evidenced on the 
BBC Web site. Moreover this does not affect access speed for the sighted as verified by the 
same duration taken by sighted users on both BBC and the other Web sites.
Execution of the Tasks on each Website:
• Forms on Google and Amazon: The search function was successful for both blind and 
sighted participants on all sample Web sites but all the blind were not able to use the 
obtained results to perform the required tasks. The sighted had no problem using the results 
on Google probably because they use the mouse rather than the keyboard but two were not 
successful with the task on Amazon, a problem they related to the poor usability of the 
Web site. The problem on Google was not the form based search function but the format of 
the results which could not be navigated with a keyboard and opened by the screen reader. 
Web designers should ensure that results from search forms are accessible for such 
functions to be useful to people with disabilities. Interestingly Amazon had a link to an 
accessible version of the Web site on the home page but all the blind participants never 
realized so. Thus Web designers need to test such links with relevant assistive technologies 
to be sure they are accessible as required and can be ‘seen’ by the target audience.
• Tables on New Vision: All the blind users were able to get the news link of interest that 
was presented with other Web site items in a table based layout. But they found it difficult 
to trace the headlines. The sighted users had no problem with the task. Therefore using 
tables for layout with out accessibility in mind such as the format of content when 
linearized makes accessibility of Web pages difficult for the blind.
• Images on New Vision and BBC: The blind did not recognise images on New Vision but 
did so, on the BBC where the screen reader read out alternative textual descriptions and the 
users understood what the images were about. The sighted users had no problem on both 
Web sites. Therefore images on Web sites designed without accessibility in mind also pose 
accessibility problems for the blind.
• Flash on About Uganda: All the blind and sighted participants were able to understand 
the content of interest that was primarily presented in flash. This was made possible 
because the content in flash had alternative text describing the flash images. All Web pages 
with flash should emulate this practice. However one sighted user complained that the flash 
images made the site slow. Such users especially those with slow internet connections can 
benefit from accessible flash designs or no flash designs where flash can be avoided.
• Orientation during navigation: Orientation is the user’s understanding of the current 
location, and his/her own movements and a grasp of current navigation context (Harper et 
al., 2001). Sighted users had better orientation on all the sample Web sites given the less 
time taken to identify the required information item. On Amazon all the blind and one 
sighted participant failed to get cues on how to order the book of interest hence addressing 
this problem benefits both groups. On New vision, the blind had problems tracing the
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headlines. Interestingly, two blind participants also found it difficult to determine which 
news story came first on BBC. One of them said, "I only had to guess which story came 
first". This is a revelation that even Web sites designed to be accessible can still have some 
problems for people with disabilities hence further research to identify such issues and 
possible solutions is desirable.
• Frames: All the Web sites surveyed did not use frames. We failed to get one with frames 
to include in the sample.
• Lack of keyboard support: All the sample Web sites supported use of the keyboard for 
input tasks and navigation. This was tested using JAWS 8.0 screen reader and navigating 
the Web sites with the keyboard. In addition no participant reported a keyboard related 
problem.
• Non-standard document formats e.g. PDF: This was not tested on the participants but 
New Vision had images of scanned text documents. Such documents pose the same 
problems as images without alternative text. This was verified and confirmed by the 
researchers using JAWS 8.0 screen reader.
• Acronyms and abbreviations: Using JAWS 8.0 screen reader, we tested an MS word 
document with acronyms and abbreviations. The screen reader read the acronyms and 
abbreviations as one word, which makes the user unable to decipher them. Hence 
acronyms and abbreviations that are not expanded the first time they are used cannot be 
understood by users of assistive technologies such as screen readers.
Other issues from the case study other than the features tested included:
• Blind participants reported that pop ups disorient them when they come up in a page.
• Images without alternative text are the biggest problem for the blind.
• On Web sites with many images the blind use sighted guides which interferes with their 
privacy.
• Lack of information on the page download progress frustrates the blind especially on slow 
links
• Web developers in Uganda are ignorant about the diversity of their clientele
• There is limited effort by internet cafes in Uganda to install screen readers.
The results of the case study show that the challenges faced by people with disabilities are the 
same as those known by the research community. But surprisingly levels of Web accessibility 
are still disappointing for example as reported in Shi (2005), Abanumy, A., Al-Badi, A. and 
Mayhew, P. (2005), Baguma et al., (2007). More cases are discussed in section 1.2. 
Furthermore we see that a Web site designed to be accessible was indeed accessible to the 
blind. This means that Web accessibility adaptations in literature if implemented may make 
the Web more accessible. In the next section we present Web accessibility adaptations that 
can address the difficulties faced by people with disabilities on present Web sites such as 
those covered in the case study. The suggested adaptations are based on existing literature 
and findings from the case study.
2.6 Proposed Web Accessibility Adaptations based on Literature and the Case Study
This section discusses suggestions on WHAT can be done in order to address the difficulties 
faced by Web users with disabilities based on: existing literature and findings from the case 
study. The suggested adaptations are as follows:
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2.6.1 Provide a text only version for the entire Web site
Screen readers have plain interfaces that sequentially verbalize Web content in the order it is 
structured in the source code (Asakawa, 2005, Huang, 2003). This makes it difficult for the 
blind to identify and use information items on graphical intensive Web sites even if designed 
with accessibility in mind compared to sighted users as was evidenced on the 4 out of the 5 
Web sites. It took all the blind users between 3 to 5 minutes to access a given information 
item on the accessibility conformant BBC while the sighted took less than 3 minutes to 
perform the same task.
2.6.2 Apply a combination of Web Design considerations
Other than a text only version, Web accessibility for the blind can be improved with out 
having two Web site versions (where most times the accessible version rarely gets updated) 
by applying a combination of Web design considerations as follows:
i. Provide text alternative for every non text element:
Web content conveyed using visual elements and or audio elements with out alternative text 
excludes persons who are blind and or deaf from accessing such information because they 
cannot interpret such content (Shi, 2005, Asakawa, 2005) and as was established on the New 
Vision Web site. Web designers should provide a text alternative for every visual or audio 
element and avoid elements that cannot be presented in this form (W3C, 2005, Asakawa,
2005). Screen readers can adapt text into audio formats for the blind users to access while 
deaf users can read captions of audio material. Developers should ensure that the alternative 
content conveys the same function or purpose as the image or audio file for it to be useful to 
the blind and or the deaf (W3C, 2005, Asakawa, 2005). Alternative text can also be useful to 
people without disabilities such as those using handheld devices with small screens and 
limited graphics capabilities and increases usability for all users (Takagi et al., 2004).
ii. Structure Content Meaningfully in the Source Code:
This is possible through use of structural markup such as HTML’s structural tags like heading 
(<h1>, <h2>...), Paragraph <p> to describe the document structure (Asakawa, 2005). 
Structural markup embeds information structure and relationships among page elements into 
content of a document thereby adding a layer of meaning to the Web site document structure 
(Asakawa, 2005). This enhances the capacity of keyboard based output devices such as 
screen readers and speech recognition devices to read and interpret Web documents to people 
with disabilities. With such a Web site structure Web users with disabilities can easily find 
information or go back to content items given the logical presentation (Huang, 2003). 
According to Mline et al., (2005) the use of descriptive markup allows any Web browsing 
technology to present information to users in the most appropriate way for them. For users of 
visual browsing environments, headings could be displayed in a large or bold font. For users 
of non-visual assistive technologies such as screen readers a heading could be read out with 
stronger emphasis than usual to indicate the importance of a fragment of text over the main 
body of the page. In addition markup can also provide additional functionality to the user 
such as document overview using heading tags. The headings could act as navigational
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anchors allowing for example a screen reader user to quickly gain an overview of the page 
content by moving from heading to heading (Mline et al., 2005). Descriptive markup can also 
be used by ‘‘robots,’’ such as Web search engines to prioritize information found on a page. 
For example higher priority may be given to text within a heading than to the same text in the 
main body of the page. However to achieve these benefits mark up tags should be used for 
the intended purpose.
iii. Provide Skip Navigation Links:
Traditionally Web pages are written in Hypertext Markup Language (HTML) whose 
documents are presented in a non-linear form. But screen readers present information linearly 
using a text-to-speech (TTS) engine. Hence the blind have to go through all the clutter such 
as adverts and repeated navigation on each page. From the case study, a content item that 
took less than 3 minutes to locate by sighted users took more than 5 minutes to reach using 
the screen reader. Even on BBC it took blind users more time than the sighted (3 to 5 minutes 
and less than 3 minutes for the sighted). Skip navigation enables users of screen readers to 
skip repeated or peripheral content and go straight to the main content links (Takagi et al.,
2006). This saves time and improves access speed for the blind and other none visual users. 
More over the link(s) can be made invisible by using an invisible image link so as not to 
affect the visual layout (Chiang et al., 2005).
iv. Provide for Orientation during Navigation:
To improve orientation for the blind, Web designers need to mark up different sections of 
Web pages with predefined semantics such as main, heading, navigation and adverts 
(Leventhal, 2006). This makes it possible for them to navigate to different sections of the 
Web site including the ability to skip certain sections. In addition some screen readers like 
Home Page Reader (HPR) support heading navigation mode with the 'ALT' + 1 command 
and using the arrow keys to move from current, previous and next headings (Takagi et al.,
2004). Other suggestions include: put main content after the title followed by navigation for 
table layouts, provide clear 'alt' text on each area of the client side image map, provide 
redundant text links for all hot spots of server-side image maps. Asakawa (2005) proposes 
fragmentation for instance the XML fragmentation recommendation (XFrag) for the benefit 
of both blind and users of small screen devices.
v. Create Accessible Tables:
Tables on the Web are used for layout and data presentation. Those that use tables for layout 
are advised to design them with accessibility in mind. Thatcher et al., (2002) advises that for 
table layouts content should be put after the title instead of left navigation and navigation 
should then be put in the right column after main content. Alternatively since tables are read a 
row at a time if main content can be the only content in row two and navigation menu in row 
three, then content can be read first. On the other hand, data tables can be either simple or 
complex. A table is simple if the column headers for any given data cell is in the same 
column as the cell and the row headers for any given data cell is in the same row as the cell 
(Thatcher et al., 2002, W3C, 2005). To create accessible simple tables, designers should 
identify table headers in the first row and first column or use the table header <TH> element 
or scope attribute. Complex data tables are tables with two or more logical levels of row or 
column headers. They can be made accessible by associating heading information with the 
data cell using the ‘id’ attribute of the <TH> element (Takagi et al., 2004).
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vi. Create Accessible Frames or Provide Alternative Content:
To design accessible frames, frame elements should have meaningful titles and name 
attributes and all frame pages must have meaningful titles. Some assistive technologies such 
as Lynx and JAWS depend on the name attribute of the frames. Others such as Window-Eyes 
and Home Page Reader use the title element on the actual frame pages (Thatcher et al., 2002). 
Frame titles and name attributes should explain the role of the frame in the frame set such as 
navigation or title. As another option developers can provide alternative content with out 
frames (Huang, 3002, W3C, 1999).
vii. Create accessible forms:
To make form based content accessible to Web users with disabilities, Web developers are 
advised to explicitly and programmatically associate form labels with their controls such as 
place text information for text entry fields and combo boxes to the left (or above) the control 
and put the prompt for a checkbox or radio button to the right of the object. When the prompt 
is programmatically connected to the <input> element, all the screen readers make the correct 
announcement (Thatcher et al. 2002). The alternative approaches are to place titles in the 
<input> elements that identify the purpose of the control, to use the <label> element to 
associate the correct text prompts with each form control with the ‘for’ attribute and to use 
the <FIELDSET> and <LEGEND> tags to structure complex forms so that they are clearer 
and simpler to understand. For forms used for search functionality, developers should ensure 
that results from the search are accessible for example with the keyboard and screen readers.
viii. Test the Web site with Keyboard only Access:
Most assistive technologies such as screen readers, speech recognition devices and alternative 
keyboards rely on full keyboard support to work effectively. To be sure that all parts of a 
Web site are usable with the keyboard, developers are advised to test the Web site with 
keyboard only access.
ix. Use or convert documents into standard formats:
Web designers should use or convert documents into available document standard formats 
that are compatible with assistive technologies such as those recommended by W3C (W3C, 
1999).
x. Expand Abbreviations and Acronyms:
Developers should expand abbreviations and acronyms the first time they appear on a page. 
This enables users of screen readers to get their full meaning hence making them 
understandable to them (W3C, 1999).
xi. Apply and comply with the Accessible Rich Internet Applications (ARIA)
specification:
ARIA is a specification developed by W3C’s Web accessibility Initiative protocols and 
formats working group. The aim of ARIA is to add extra semantic data to HTML and 
XHTML to enable assistive technologies to better represent user interface components and 
dynamic interactions to the user. It also provides for input focus and full keyboard navigation 
within components of an application (Gibson, 2007).
Having discussed possible Web accessibility adaptations based on existing literature and 
results of the case study, the next section shows to what extent such adaptations are covered
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by the guidance given in the most recognised and widely used Web Content Accessibility 
Guidelines (WCAG).
2.7 Guidance on Web Accessibility Adaptations from WCAG
This section shows a summary of to what extent the most recognised and widely used Web 
Content Accessibility Guidelines (WCAG) provide guidance on common Web accessibility 
adaptations for some of the disabilities that affect Web accessibility. Table 5 shows the 
guidance available from WCAG version 1.0 and 2.0 for the different Web accessibility 
recommendations per some of the disabilities that affect Web accessibility.
Table 5 Guidance on Web Accessibility Adaptations from WCAG 1.0 and WCAG 2.0
Disability Adaptation Guideline(s) guidance on 
adaptation
Colour blind Use style sheets to control text colour WCAG 1.0 3.3
Provide redundant information for content 
primarily specified in colour
WCAG 1.0 2.1, WCAG 2.0 1.4
Provide sufficient colour contrast between 
foreground and background colour combinations 
when viewed on a black and white screen or by 
some one with colour deficits
WCAG 1.0 2.2, WCAG 2.0 
1.4.3 & 1.4.6
Provide keyboard shortcuts in form of access keys 
to important links e.g. in client-side image maps, 
form controls, and groups of form controls
WCAG 1.0 9.5, WCAG 2.0 2.1
Provide users enough time to read and use content WCAG 2.0 2.2
Blind Provide alternative text for any images on the site WCAG 1.0 1.1, WCAG 2.0 1.1
Structure content meaningfully in the source code WCAG 1.0 3
Provide skip navigation links WCAG 1.0 13.10
Provide for orientation during navigation WCAG 1.0 13.13& 13.4
Create Accessible frames or provide alternative 
content
WCAG 1.0 6.5, WCAG 1.0 12
Create accessible forms WCAG 2.0 2.1
Test the application with keyboard only access WCAG 2.0 2.1
Use or convert documents into available standard 
formats
WCAG 1.0 11
Expand abbreviations and acronyms WCAG 1.0 11
Create accessible tables -mark up tables clearly to 
identify column and row headers
WCAG 1.0 4.2
If  the content includes frequently referenced 
abbreviations and acronyms, expand abbreviations 
and acronyms the first time they appear on a page
WCAG 1.0 4.2, WCAG 2.0 
3.1.4
Synchronize screen display with audio and braille 
display
WCAG 1.0 1.4, WCAG 2.0 
1 .2,
Deaf transcribe audio material into text form and make 
this available along with audio versions of the 
content
WCAG 1.0 1.1, WCAG 2.0 1.1
BS
Enable synchronized captioning of audio and 
description of video
WCAG 1.Q 1.1
Cognitive Supplement text with graphical or auditory 
presentation
WCAG 1.Q 14.2
Provide multiple search types WCAG 1.Q 1B.7
Use a consistent style of presentation across pages WCAG 1.Q 14.B
Use navigation mechanisms in a consistent manner 
to help users learn and remember their way 
around the Web site
WCAG 1.Q 1B.4, WCAG 2.Q 
2.4
Use the clearest and simplest language appropriate 
for the site's content so that users can quickly 
understand the material
WCAG 1.Q 14.1, WCAG 2.Q 
B.1
Dyslexia Add more graphics to supplement textual content. 
This helps users focus quickly on sections they 
want to read
WCAG 1.Q 14.2
Where the graphics are animated, make it possible 
for a user to freeze them to stop moving
WCAG 1.Q 7.B
Provide options for a variety of searching 
strategies so that users can more easily select 
searching options that work better for them
WCAG 1.Q 1B.7
Combination 
of deaf and 
blindness
Caption and describe audio and video content to 
include text subtitles for the audio, and 
descriptions of the video.
WCAG 1.Q 1.1, WCAG 2.Q 1.1
Ensure the user interface is accessible no matter 
what kind of assistive technology is used
WCAG 1.Q 9.2, WCAG 2.Q 2.1 
& 4.1
If the Web site contains frames, provide the frames 
with meaningful titles
WCAG 1.Q 12.1
For any data tables, provide clear headers for the 
rows and columns This helps users orient 
themselves about the contents of the table.
WCAG 1.Q 5.1
According to table 5 all the example adaptations discussed in section 2.5 have at least one 
guideline in the most recognised Web content accessibility guidelines.
But if Web design considerations for accessibility are known and guidance on their 
implementation is also available why then are levels of Web accessibility persistently low?
In the next chapter, we discuss the role of Web accessibility guidelines particularly WCAG in 
the design of accessible Web based systems and the usability challenges faced by users of 
WCAG.
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CHAPTER THREE WEB ACCESSIBILITY GUIDELINES AND THE 
DEVELOPMENT OF ACCESSIBLE WEB BASED SYSTEMS 
Summary
The contribution of this chapter is to show whether WCAG has influence over the 
development of accessible Web based systems and how usable it is to the target audience.
It starts with a review of the role played by Web accessibility guidelines in the development 
of accessible Web based systems, to what extent Web accessibility guidelines particularly 
WCAG have influenced the development of accessible Web based systems, analyses the 
usability challenges faced by users of WCAG from literature and a mini survey on Web 
developers. The survey on Web developers was carried out to ascertain their views about the 
usability of WCAG and their suggestions on how WCAG could be improved.
3.1 Web Development
Web development is a general term used to refer to developing systems for the Web/internet 
or Intranet such as e-commerce, e-learning applications or institutional Web sites. Web 
development projects can range from building a simple static page with plain text to complex 
internet based applications, electronic businesses or social networking applications 
(Wikipedia, 2009).
A typical Web development team involves developers, a Web designer, a project manager and 
a software architect. The developers are responsible for the programming aspects of the 
projects -that is writing markup and coding; the Web designer is in charge of the artistic look 
of the front end of the Web site; the project manager is the person who creates clear and 
attainable project objectives, manages cost, time, and scope and the software architect guides 
the team on the high level business needs of the project such as making design choices in 
relation to the business goals of the project on coding standards, tools or platforms.
To develop accessible Web based systems each group or individual team member has a role 
to play to contribute to the process. The developers need to code Web pages/applications that 
support accessibility; designers have to design user interfaces that support accessibility; 
project managers should ensure that accessibility is one of the objectives and part of the 
scope of the project and software architects need to ensure that accessibility is one of the high 
level business goals and among the factors considered when making design choices on 
coding standards. Other than the Web development team, the tools used to develop, evaluate, 
host and deliver Web pages/applications to the end users should support accessibility. If not 
the good intensions and effort of the development team will be wasted. The next section 
discusses in detail the components that need to work together for the Web to be accessible to 
people with disabilities and the role played by each component.
3.2 Components of Web Accessibility
For the Web to be accessible to people with disabilities, several components work together 
(Henry, 2005). These are: developers, authoring tools, evaluation tools, content, browsers, 
media players, assistive technologies and users. The time order of each component during the 
Web development process is presented in figure 1.
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Figure 4 Essential components of Web accessibility from Henry (2005)
Explanation of figure 4:
• Developers: Henry broadly classifies developers to include designers, coders, authors, etc 
including developers with disabilities and users who contribute content. The developers 
are responsible for implementing accessibility attributes specified in development 
(authoring) tools
• Authoring tools: These are software tools used to create Web based systems. Such tools 
must include technical specifications for accessibility for them to produce accessible Web 
based systems when used
• Evaluation tools: These include software tools that audit Web sites for various flaws 
including accessibility such as HTML validators, CSS validators and accessibility 
evaluation tools. They assist developers to detect and correct accessibility flaws in Web 
based systems before they are published.
• Content: This is the information in a Web page or Web application including information 
in natural language such as text, images and sounds and code or markup that defines the 
structure and presentation of the Web page.
• User agents: These are the tools end users including people with disabilities use to access 
Web pages such as Web browsers, media players and other user agents
• Assistive technologies: This is the software or hardware specifically designed to support 
people with disabilities in accessing the Web such as screen readers, alternative 
keyboards, etc.
• Users' knowledge and experiences using the Web including knowledge and experience 
using assistive technologies and other adaptive strategies. For people with disabilities to 
benefit from accessible Web based systems, they must have the knowledge and 
experience or be willing to learn how to use the Web and the relevant assistive 
technologies.
For the Web to be accessible, all the components must work together. For instance consider 
providing alternative text for an image on a Web page, developers must provide the 
appropriate alternative text wording, authoring tools should enable, facilitate and promote 
providing alternative text in a Web page, evaluation tools must be available to the developers 
to check if appropriate alternative text exists, user agents including assistive technologies will 
be needed to provide a human interface to the alternative text in various modalities and
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finally users must know how to get the alternative text from their user agent and/or assistive 
technology.
However there is a component missing in Henry’s illustration -that is the Web accessibility 
guidelines and where they are positioned in relation to the other components. Given that the 
guidelines define and guide on how to develop accessible Web based systems, they should be 
positioned in the middle of all the components feeding into all of them.
The availability and functioning of each component complements other components as 
follows (partly based on Henry (2005):
• When Web accessibility guidelines are widely recognised, clients and legal provisions are 
likely to demand that developers provide accessible Web based systems
• When developers want to implement an accessibility feature in their system, they are 
more likely to demand that their authoring tools make it easy to implement
• When authoring tools make a feature easy to implement, developers are more likely to 
implement it in their content.
• When an accessibility feature is implemented in most content, developers and users are 
more likely to demand that user agents support it.
• When user agents including assistive technologies support an accessibility feature, users 
are more likely to demand it and developers are more likely to implement it.
For some components namely: content, authoring tools and user agents, W3C’s Web 
Accessibility Initiative (WAI) provides accessibility guidelines on how to make them 
accessible. These are:
• Web Content Accessibility Guidelines version 1.0 (WCAG 1.0) (W3C, 1999) and version
2.0 (WCAG 2.0) (W3C, 2008) for Web content accessibility.
• Authoring Tools Accessibility Guidelines (ATAG) (W3C, 2000) for the accessibility of 
Web authoring tools such as HTML editors and scripting languages
• User Agent Accessibility Guidelines (UAAG) (W3C, 2002) for the accessibility of user 
agents such as browsers, screen readers and media players
WAI produces the accessibility guidelines as part of a wider commitment to Web 
accessibility, which includes education and outreach. The guidelines are based on the 
fundamental technical specifications of the Web and are developed in coordination with W3C 
technical specifications such as HTML, XML, CSS, SVG, SMIL, etc. (Henry, 2005). WAI’s 
tripartite approach recognises that in addition to providers of Web content, developers of 
Web development (authoring) tools and user agents such as browsers and assistive 
technologies also have a responsibility towards accessible Web based systems. Although 
some commentators have argued that WAI’s approach assumes that universal Web 
accessibility can be provided by full conformance to the three sets of guidelines yet it is 
difficult to synchronize the three fields such as Kelly et al., (2005), there is acknowledgement 
that the simplicity of this approach has helped a lot in raising the profile of Web Accessibility 
(Mline et al., 2005).
Having discussed the components of Web accessibility one of which is Web accessibility 
guidelines, the next section examines what influences the accessibility or inaccessibility of a 
Web based system. The aim of this section is to show the influence Web accessibility 
guidelines have on the design of accessible Web based systems.
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3.2 What Influences the Accessibility or Inaccessibility of a Web based system?
The Web Accessibility Integration Model (WAIM) by Lazar et al.,. (2004) shows the 
multiple points within Web development where accessibility can be incorporated or 
forgotten. It identifies three categories of influences on Web accessibility namely: Web 
development (Web accessibility guidelines and Web development tools), societal foundations 
and perceptions of stakeholders.
Web development comprises of Web accessibility guidelines and Web development tools 
both of which influence the initial site design and subsequent re-design or maintenance of a 
Web based system. According to Lazar et al., (2004), Web accessibility guidelines not only 
help Web developers and Webmasters with guidance but also provide the current “working 
definition” for Web accessibility. More so accessibility evaluation tools are based on such 
guidelines particularly the Web Content Accessibility Guidelines (WCAG) (Asakawa, 2005, 
Ivory, Mankoff and Le, 2003 in Lazar et al., 2004). In addition new versions of Web 
development tools such as Dreamweaver and FrontPage include tools based on the guidelines 
that assist developers with accessibility related issues. Lazar and colleagues noted that good, 
well-written Web accessibility guidelines are likely to help improve levels of accessibility 
while poorly-written, confusing and hard to use guidelines are likely to keep Web sites from 
becoming accessible because Web developers and Webmasters are liable to follow the tools 
and guidelines that are available to them. Therefore easy to use Web accessibility guidelines 
are vital for a more accessible Web.
Societal foundations is concerned with how much Web accessibility is valued in a particular 
society. This includes if accessibility is part of the national curriculum in computer science, 
information systems or information technology; if there is training in accessibility for current 
IT workers; if national laws and policies mandate Web accessibility and if statistics about 
accessibility levels are regularly published in the media.
Stakeholders are the people who decide whether a Web site will be built for accessibility or 
not such as Web developers and clients (Lazar et al., 2004, Donnelly & Maggenis, 2003). 
Lazar et al noted that if neither of the stakeholders are aware of or passionate about Web 
accessibility, it is unlikely that a Web site will be built to be accessible. The perceptions of 
stakeholders are influenced by societal foundations in that the Web developer knowledge 
depends on the education and training received while the knowledge of the client depends on 
existing policies, laws and present statistics in the media on Web accessibility.
The relationship between the influences and the components of each influence are presented 
in figure 5.
43
Web Accessibility Integration Model (WAIM)
Societal Foundations Stakeholders perceptions Web development
Figure 5 Web Accessibility Integration Model (WAIM) adapted from Lazar et al., (2004)
with slight modification
Description of the Model:
As shown in figure 5, WAIM comprises of three influences namely: Web development (Web 
accessibility guidelines and development tools), stakeholder perceptions and societal 
foundations. The accessibility of the initial site design as well as maintenance and redesign 
are influenced by the Web accessibility guidelines and development tools together with the 
knowledge about accessibility by the Web developer and the client (stakeholder perceptions). 
Web developer knowledge is influenced by the education and training offered in a society or 
community (part of societal foundations) where as the knowledge of the client is influenced 
by policies, laws, and statistics in the media on inaccessibility (another part of societal 
foundations).
The WAIM model shows the crucial role played by Web accessibility guidelines in the 
development of accessible Web based systems namely: the accessibility of the initial site 
design as well as maintenance and redesign, developer and client knowledge about Web 
accessibility as well as societal foundations. The original WAIM model shows only the 
influence to initial site design, maintenance and re-design but given that Web accessibility 
guidelines such as the Web Content Accessibility Guidelines (WCAG) are international 
standards and have formed the basis of many accessibility policies and laws, such guidelines 
also indirectly influence developer knowledge through the education and training offered and 
also influence client knowledge through national and international policies and laws. 
Therefore we extended the original WAIM model with two links (dotted in the figure to 
indicate indirect influence) from Guidelines and tools to Web developer knowledge and client 
knowledge.
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Having seen that Web accessibility guidelines have a key influence on the creation of 
accessible Web based systems, the next section provides a brief description of the major Web 
accessibility guidelines and their influence on Web accessibility.
3.3 A Review of Web Accessibility Guidelines
Accessibility guidelines are intended for use by those involved in the procurement and 
development of information technology products and services such as developers and 
procurers. The World Wide Web Consortium (W3C), governments and special interest 
groups have developed Web accessibility guidelines some in form of laws to guide 
stakeholders on how to develop or procure accessible information technology products and 
services. Some of the major guidelines to-date include: the Web Content Accessibility 
Guidelines (WCAG 1.0) (W3C, 1999) and WCAG 2.0 (W3C, 2008); Americans with 
Disabilities Act (ADA) (ADA, 1990); Section 508 of the Rehabilitation Act (Section 508, 
1998); Australian Disability Discrimination Act (ADDA) (ADDA, 1992); Disability 
Discrimination Act (DDA) (DDA, 1992). However of all the current Web accessibility 
guidelines, the most recognised and widely used is the Web Content Accessibility guidelines 
(WCAG) (Sloan et al., 2005, Kelly et al., 2005). The WCAG have formed the basis of Web 
accessibility policy of many organisations across the world e.g. in UK and USA, are referred 
to in court cases concerning accessibility and are used as evaluation criteria by most 
automated evaluation tools (Mline et al., 2005, Sloan et al., 2005, Asakawa, 2005). In 
addition WCAG has been used as a basis for formulating other specialised Web accessibility 
guidelines such as the IMS accessibility guidelines for e-learning (Kelly et al.., 2005, Sloan, 
Kelly, Heath, Petrie, Hamilton, & Phipps, 2006).
In the next section, we provide a brief description of each of the guidelines and their precincts 
of application.
3.3.1 A brief description of the Major Web Accessibility Guidelines and their influence on 
Web accessibility
The Americans with Disabilities Act (ADA) of 1990: ADA is the top most legislation in the 
US addressing the rights of US citizens with disabilities against unjustified discrimination. It 
was originally focused on areas such as employment, public accommodations, and 
telecommunication services. However the subsequent growth of the Internet for 
communication in education, business, government and work settings led to broadening of its 
scope to require “electronic curb cuts and ramps” that allow users with disabilities to access 
computers and the World Wide Web (Chiang et al., 2005). But the terms of the ADA do not 
directly reference the Web/Internet or WCAG which has led to a number of seemingly 
contradictory rulings in cases where the ADA has been applied in courts of law to cases 
concerning Web accessibility (Kelly et al., 2005).
Section 508 of the Rehabilitation Act: Section 508 of the Rehabilitation Act defines the 
processes used by the US federal government to procure electronic and information 
technology systems. One of the central aspects of the law is to ensure accessibility of 
electronic and information technology systems to people with disabilities who are federal 
employees or members of the general public (Huang, 2003). The 1998 amendment to the Act 
proved a powerful incentive to compliance with the guidelines since it requires that all federal 
agencies must ensure that their electronic and information technology systems are accessible
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to people with disabilities whenever those agencies develop, procure, maintain or use such 
technology (Jaeger, 2006).
Australian Disability Discrimination Act (ADDA): Under ADDA, a service provider is 
required to take reasonable steps to change any practice which makes it unreasonably 
difficult for people with disabilities to make use of its services. According to ADDA 1992, 
inaccessible Web sites or pages are a sort of discrimination against people with disabilities 
and are thus illegal in Australia (Shi, 2005). In 2000 the court in a case of Maguire Vs the 
Sydney Organising Committee for the Olympic Games ruled that the Committee had been in 
breach of ADDA by failing to provide a Web site to which Mr Maguire, a blind person could 
have access.
The Disability Discrimination Act (DDA): In the UK, the Disability Discrimination Act 
sets out the rights of people with disabilities not to encounter unjustified discrimination. Web 
sites are not mentioned in the legislation itself, although they are mentioned in supporting 
codes of practice. However so far no consensus exists about what might be deemed an 
acceptable level of accessibility, though the terms of the DDA do appear to extend to the 
need to make services accessible (Kelly et al., 2005). Part 3 of the DDA requires providers of 
goods, facilities and services to avoid the less favourable treatment of people with disabilities 
and also to make reasonable adjustments, including the provision of auxiliary aids and 
services, to any practices, policies or procedures which make it unreasonably difficult for 
such people to make use of the services. Therefore where a Web site in itself constitutes a 
service, or is the primary medium for the delivery of a service, it is covered by Part 3 of the 
Act (DRC, 2004).
The Web Content Accessibility Guidelines (WCAG): WCAG is a set of international 
standards produced by W3C’s Web Accessibility Initiative (WAI) to provide guidance on 
making Web sites accessible to people with disabilities (Guarino & Snow-Weaver, 2009). 
Overall, WCAG explains how to make Web content accessible to people with disabilities 
(Huang, 2003). As already seen in section 3.1, WCAG is one of the three sets of guidelines 
developed by WAI. The other two being: the User Agent Accessibility Guidelines (UAAG) 
and the Authoring Tools Accessibility Guidelines (ATAG). To-date the WCAG are in two 
versions that is: WCAG 1.0 (W3C, 1999) and WCAG 2.0 (W3C, 2008). WCAG 1.0 became 
a W3C Recommendation in May 1999 and was very specific to HTML, the dominant Web 
technology at that time. Its successor, WCAG 2.0, became a W3C recommendation in 
December 2008. Unlike WCAG 1.0, WCAG 2.0 was designed to be a set of testable 
technology neutral requirements applying to the wide and continuously evolving range of 
Web technologies now available (Guarino and Snow-Weaver, 2009). WCAG 1.0 
requirements describe the strategy to be used to address a particular problem. In contrast, 
WCAG 2.0 requirements are general statements of desired outcomes to be achieved but allow 
flexibility in the strategies used to address them. WCAG 2.0 was essentially developed as an 
improvement to WCAG 1.0 particularly to address the limitations of WCAG 1.0 that had so 
far been identified. Following is a brief description of each version.
WCAG 1.0: WCAG 1.0 was released on 5th May 1999 with a primary goal to promote 
accessibility (W3C, 2006). It explains how to make Web content accessible to people with 
disabilities and was written for Web content developers (page authors and site designers) and 
developers of authoring tools. Following the guidelines in WCAG 1.0 also makes Web 
content more available to all users (W3C, 2006).
It is structured into fourteen guidelines or principles of accessible design. Each guideline 
includes a set of checkpoints that explains how the guideline applies to Web development.
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The checkpoints are characterised according to three priorities relating to severity of impact 
whereby priority one checkpoints pose the most severe impact and priority three the least 
impact. In terms of structure and presentation, all the guidelines and their checkpoints are 
presented in one HTML page. Figure 6 illustrates how WCAG 1.0 is organised.
WCAG 1.0 home page
Figure 6 How WCAG 1.0 is organised.
According to Donelly and Magennis (2003), the checklist is the preferred access point for 
many developers since the priority breakdown is closer to their own priorities than the 
guideline level. But the preferred access point for other users such as IT managers/procurers, 
another key audience of the guidelines is not yet known.
From the time WCAG 1.0 was released as a W3C recommendation, the WCAG Working 
Group started receiving feedback about difficulties with its usability, understandability and 
applicability (W3C, 2006). As a result, the WCAG working group developed requirements 
for a revised version including the provision for understanding by a wider, less technical 
audience (W3C, 2006, Donelly & Magennis, 2003). These requirements formed the basis for 
the development of WCAG 2.0 which was completed and officially released on 11th 
December 2008. The requirements included additional goals to address the limitations of 
WCAG 1.0 such as more relevancy, more flexibility and easy to use not only for Web 
developers but also for other stakeholders (W3C, 2006). Next we describe briefly WCAG 2.0 
and how it is organised.
WCAG 2.0:
WCAG 2.0 was developed in response to the limitations of WCAG 1.0. Its aim was to 
address the short comings of WCAG 1.0. Kelly et al., (2007) noted that WCAG 2.0 
represents a fundamental departure from the approach to accessibility taken by its 
predecessor. Unlike the HTML-focused WCAG 1.0, WCAG 2.0 is fundamentally 
“technology agnostic”. Its core principles (POUR: perceivable, operable, understandable, 
robust), guidelines and related 'success criteria' aim to be applicable to the widest possible 
range of present and future technologies including non-W3C technologies. The normative 
guidelines are meant to be complemented by non-normative, technology-specific 'techniques' 
documents, detailing specific implementation examples and best practices.
Its primary goal is the same as that of WCAG1.0 that is to promote accessibility of Web 
content. But in order to address the limitations of WCAG 1.0, additional goals were set as 
follows:
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• Ensure that requirements may be applied across technologies
• Ensure that the conformance requirements are clear
• Design deliverables with ease of use in mind
• Write to a more diverse audience
• Clearly identify who benefits from accessible content
• Ensure that the revision is "backwards and forward compatible" (W3C, 2006).
As seen above, two of WCAG 2.0’s requirements were related to usability namely: to design 
deliverables with ease of use in mind and write to a more diverse audience. These 
requirements could be the reason why WCAG 2.0 was eventually structured around 4 
principles of universal design namely: Perceivable, Operable, Understandable and Robust 
(POUR). Under each principle are a set of guidelines and each guideline has a link to its 
understanding. In addition for each guideline, there is a set of check points in form of testable 
statements and two links namely: understanding the checkpoint and how to meet the 
checkpoint. Diagrammatically, this structure is illustrated in figure 7.
WCAG 2.0 home page
4 principles of universal 
design
E ach  principle
Guidelines
Eacl|t guideline 
___t_____
Check points
Link to understanding the 
guideline
Each  check point
A link on how to meet the 
checkpoint 
A link on understanding the 
check point
Figure 7 How WCAG 2.0 is organised
WCAG 2.0 was developed with companion documents to further explain each requirement 
and provide suggested strategies namely: understanding WCAG 2.0 and how to meet WCAG 
2.0. These are intended to further help developers in the development of accessible Web 
based systems since all Web developers cannot be expected to be experts in the strategies 
available
to achieve a required outcomes.
Moss (2006) noted a number of improvements made about WCAG in WCAG 2.0 namely:
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• Removal of outdated guidelines such as: provide equivalent text links for links within 
client-side image maps, provide abbreviations for table header labels, if you use these, 
use access keys (keyboard shortcuts) for important links; the document, Techniques 
for WCAG 2.0 replaces the previous techniques document, and is actually much 
better. It provides a list of common failures which the previous version did not and 
offers some good examples of common errors.
• The examples provided are far more real-world.
• The techniques document also provides some clever recommendations, which 
accessibility guideline box-ticking developers wouldn't perhaps have thought about 
e.g. how to open a link in a new window using unobtrusive JavaScript, displaying 
decorative images through CSS, etc.
• Has a number of new guidelines some totally new whereas others were hinted at, but 
not specifically stated, in WCAG 1.0 e.g. providing text-based error messages for 
forms, ensure all pages have a descriptive title, background noise can be turned off, 
etc.
However there is also a not so good side of WCAG 2.0 particularly concerning usability. 
Like WCAG 1.0, all topics and sub topics of WCAG 2.0 are in one HTML page except for 
the links. But unlike WCAG 1.0 in addition to the one HTML page containing all the 
guidelines, WCAG 2.0 guidelines have a parallel option where the guidelines are divided into 
two documents- that is understanding WCAG 2.0 and techniques for WCAG 2.0. But this 
division also makes the guidelines harder to use as one coherent piece of reference (Moss,
2006). In addition the new guidelines have been found overlong and unreadable (Moss, 2006, 
Clarke, 2007).
As earlier noted, of all the Web accessibility guidelines described and others that were not 
covered the most recognised and widely adopted guidelines are the WCAG. Donnely and 
Maggenis (2003) noted that although other bodies have developed authoritative and useful 
accessibility guidelines for the Web and other technologies, none of these are as 
comprehensive and widely adopted as the WCAG. Kelly et al., (2005) added that WCAG has 
been a tremendously useful tool in raising the importance of Web accessibility world wide. In 
the next section we review how WCAG has influenced Web accessibility.
3.4 Influence of WCAG on the development of Accessible Web based systems
3.4.1 The de facto standard set of Web Content accessibility guidelines: To-date WCAG is 
considered a single de facto standard set of accessibility guidelines for the Web referenced 
both at global, regional and national level (Donelly & Maggenis, 2003). It is recognised as 
the authority for designing and creating accessible Web based systems (Huang, 2003, Shi,
2005). According to Kelly et al., (2005), when considering Web accessibility, WCAG is the 
pre-eminent reference.
3.4.2 The widely adopted Web accessibility guidelines: According to Donelly and Maggenis 
(2003) and Kelly et al., (2005), WCAG is the most comprehensive and widely adopted set of 
Web accessibility guidelines. It has formed the basis of Web accessibility legislation and 
policy across the world and is increasingly being adopted at national level (Sloan et al., 2006, 
Mline et al., 2006).
49
3.4.3 Used as evaluation criteria by accessibility checking tools: WCAG guidelines have been 
used by several software developers to develop accessibility checking tools such as WebXact 
(www.webxall.com/webxact.analyze.html) (Huang, 2003), (Shi, 2005). In addition, they are 
used as evaluation criteria by most automated accessibility evaluation tools such as A-prompt 
(http://aprompt. snow. utoronto.ca/download.html.
3.4.4 Integrated with Web authoring tools: Of recent, there have been efforts to integrate 
accessibility features into coding tools such as Dreamweaver 8 using plugins notably LIFT, a 
plugin for Dreamweaver and Microsoft FrontPage. The LIFT plugin by Usable.net 
(http://jimthatcher.com/lifteval.htm) uses WCAG guidelines to test Web pages and report 
accessibility problems to the developer as they are being developed.
3.4.5 Referred to in court cases concerning Web accessibility: In Australia in June 1999, 
Bruce Maguire lodged a complaint with the Human Rights and Equal Opportunity 
Commission (HREOC) under the Australian Disability Discrimination Act (DDA). His 
complaint concerned the Web site of the Sydney Organising Committee for the Olympic 
Games (SOCOG) which Maguire alleged was inaccessible to him as a blind person. On 24th 
August 2000, the HREOC released its decision and supported Maguire’s complaint, ordering 
certain access provisions to be put in place on the Web site by 15th September 2000. SOCOG 
ignored the ruling and was subsequently fined A$20,000. In the final ruling HREOC 
maintained that if the design of the SOCOG Web site had followed WCAG guidelines, it 
would have been accessible to Mr Maguire (Clarke, 2001, Sloan, 2001).
3.4.6 A basis for national Web accessibility legislations: Due to WCAG’s popularity and wide 
application, a number of Web accessibility legislations in different countries are based on it 
and compliance with the legislation requires conformance with WCAG. Such Legislations 
include the following:
Australia: Disability Discrimination Act 1992: The relevance of WCAG to conformance with 
ADDA was demonstrated in the Maguire Vs SOCOG case in 2000 just discussed above.
USA: Section 508 o f the Rehabilitation Act: The requirements of Section 508 are very similar 
to - but not identical and are not as extensive as those in the WCAG (Kelly et al., 2005).
UK: Disability Discrimination Act: UK’s DDA does not mention WCAG and so far no case 
law exists. But it is expected that the DDA would likely apply the case law in Australia and 
hence use WCAG in a court case if such a need arose (Sloan, 2002). Besides WCAG is 
recognised a vital player in the implementation of DDA. The Disability Rights Commission 
(DRC) in a report on the state of Web accessibility in 2004 (DRC, 2004) noted that published 
Guidelines and automatic accessibility evaluation tools are useful diagnostic tools and part of 
what is needed to fulfill the DDA duty on enforcing Web accessibility.
3.4.7 Application to specialised Environments: WCAG has also been applied to specialized 
environments to develop specialized accessibility guidelines. The most outstanding example 
is the IMS guidelines for accessible e-learning (IMS, 2002).
WCAG’s popularity can be linked to W3C’s role in the Web arena but also to its perceived 
quality from members of the public. Sloan et al., (2006) noted that the process of developing 
W3C’s specifications is a lengthy but a thorough and robust process involving domain 
experts and public consultation which is intended to produce robust specifications.
50
Given the considerable wide use of WCAG to produce country specific and field specific 
policies, Web accessibility evaluation tools, Web authoring tools, reference in courts of law 
etc, it is clear that as a stable and referenceable document, WCAG is widely seen as a 
standard to which various stakeholders of the Web development community can refer to 
directly or indirectly. Hence WCAG guidelines should be as easy to use as possible for the 
potential audience but this is not yet the case. In the next section, we examine the usability 
limitations currently faced by users of WCAG.
3.5 Usability Limitations of WCAG from Literature
Despite the wide recognition and use of WCAG guidelines, many members of the target 
audience still find WCAG difficult to use which results into systems with in-built 
accessibility barriers (Donelly & Maggenis, 2003, Asakawa, 2005). A number of researchers 
have identified several usability limitations of both WCAG 1.0 and WCAG 2.0 such as Kelly 
et al., (2005), Kelly et al., (2007), Kelly et al., (2009), Sloan and Kelly (2008), Pickard 
(2006), Clarke (2006), Colwell and Petrie (1999), Donnelly and Maggenis (2003), Moss 
(2006) and Sloan et al., (2005). In brief, these are summarized below.
i. Difficulty to understand and interpret: The organisation of WCAG guidelines, each 
with constituent checkpoints of varying priority makes them difficult to understand and 
apply to a particular situation (Kelly et al., 2005). WCAG 1.0 was criticised for being 
difficult to use for much of its potential audience (W3C, 2006). Consequently, the new 
version, WCAG 2.0 was developed with a provision for understanding by a wider, less 
technical audience, less ambiguous and technology neutral (Pickard, 2006). But WCAG
2.0 has also been criticized for being ‘overlong’, unreadable and impossible to understand 
(Pickard, 2006, Clarke, 2006, Moss, 2006). The two main documents; understanding 
WCAG 2.0 and techniques for WCAG 2.0 are 164 and 363 pages long in total (when 
doing a print preview) (Moss, 2006). Some critics have recommended continuing with 
WCAG 1.0 with corrections, given that it remains adequate for most Web sites (Clarke,
2006).
ii. Difficulty in getting the advice needed: In a study carried out by Colwell and Petrie 
(1999) where Web developers used WCAG 1.0 guidelines to develop accessible Web 
pages, many participants had problems locating the advice needed. They also had 
navigational problems e.g. they were not always sure whether they were reading the 
guidelines or the techniques document. According to Colwell and Petrie (1999), as a 
result of the usability problems some participants missed important information regarding 
the implementation of the advice and general accessibility issues. WCAG 2.0 a supposed 
improvement of WCAG 1.0 is overlong, and difficult to understand. Clarke (2007) noted 
that WCAG 2.0 cannot be understood on first reading by anyone other than a longtime 
Working Group member. In addition Clark noted that the size of the documentation 
(normative and non normative), would negatively impact adoption by actual designers 
and developers. Popov (2006) observed that the main problem of WCAG 2.0 is its size 
and he quoted from his personal experience that “understanding and techniques 
documents are so big, that my IE7 works slow on them. FireFoxperforms better, but even 
it died once without any notice during my WCAG 2.0 documents browsing”.
iii. Level of understanding of accessibility issues required: Given the range in technical 
abilities of the intended audience (anyone involved in the creation of Web content), there
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may be significant cognitive demands on understanding the principle behind a specific 
checkpoint, and applying that in a particular situation (Sloan et al., 2005).
iv. Difficult to integrate into existing developer workflows: Available accessibility 
guidelines including WCAG are difficult to integrate into existing developer workflows 
and rarely offer specific suggestions that are developer oriented (Bigham & Ladner,
2007). Bigham and Ladner advised that Web developers would be more likely to create 
accessible applications if they are given specific suggestions that they can easily integrate 
into Web development workflows.
v. Difficult to find advice per type of disability: WCAG 1.0 does not categorise and 
present guidelines according to types of disabilities. WCAG 2.0 mentions against each 
guideline the disability (ies) it benefits but this is only done at guideline level. One cannot 
get at once all the guidelines about a particular disability. Clarke (2007) noted that 
WCAG 2.0 was so deficient for people with learning disabilities, that many experts 
submitted a formal objection, an unprecedented vote of no confidence. Clarke observed 
that WCAG 2.0 lacks adequate provisions for users with cognitive and learning 
difficulties. Different disabilities cause different barriers on the Web and different Web 
projects may have varying levels of accessibility requirements for different disabilities for 
instance intranet projects. Therefore Web accessibility guidelines should provide 
sufficient guidance on making Web based systems accessible to people with different 
disabilities and such guidance should be easy to find and use.
vi. Difficult to find advice per user roles and responsibilities: Users of Web accessibility 
guidelines want information that is tailored to their roles and responsibilities (Donelly & 
Maggenis, 2003). People involved in IT procurement need assistance on writing 
proposals and assessing compliance, IT project managers need an accurate overview of 
accessibility problems and the implications of compliance and developers require detailed 
technical guidance and illustrative examples. But this structural need is not met by any of 
the WCAG versions. Moss (2006) noted that people do not generally want to read 
through hundreds of pages of text to find out how to implement accessible solutions. 
They instead just want answers and specific guidance. For most people, accessibility is 
just one small part of their job and they do not have time to go through the entire 
guidelines’ document every time, they need some guidance on accessibility. Although 
existing research has identified and documented usability limitations of the WCAG 
guidelines, little attempt has been made to provide solutions. The next section analyses 
the major proposed solutions to usability limitations of WCAG from literature.
3.6 Proposed Solutions to Usability Limitations of WCAG from Literature and their 
Weaknesses
Vanderheiden (2000) proposed a set of basic components of universal usability namely: 
perceivability, operability, navigability and understandability. These principles later formed 
the basis for the final structure of WCAG 2.0. However the structure of WCAG 2.0 was 
focused on the end user of Web based systems rather than the users of the guidelines.
The development of WCAG 2.0 was highly expected to address the limitations of WCAG 1.0 
and an attempt was made for example two of WCAG 2.0’s requirements were related to 
usability: to design deliverables with ease of use in mind and to write to a more diverse 
audience. But it later turned out that the usability of WCAG 2.0 was focused on Web based 
systems developed with the guidelines rather than usability of the guidelines document.
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Research in the area has not been any different from WCAG 2.0’s approach. It has also 
mainly focused on usability of systems developed using the guidelines. For example Sloan et 
al., (2006) proposed a ‘fit to context of use’ approach arguing that guidelines can serve as 
means to the end but that conformance to guidelines is not itself the end. Related to Sloan et 
al’s proposal, Kelly, et al., (2005) recommended application of WCAG guidelines in the 
context of the resource and the nature of the intended audience. They suggested moving 
emphasis from designing and assessing according to the priority of checkpoints towards 
making accessible the purpose of the site to the target audience. While the usability of 
systems developed with the guidelines is undoubtedly important, usability of the guidelines 
themselves is equally important for them to be used to quickly obtain required guidance on 
developing accessible and usable Web based systems. But we have not found any research to- 
date focusing on improving the usability of Web accessibility guidelines except for Moss 
(2006)’s momentary suggestion to split up WCAG 2.0’s massive documents into more 
manageable and less intimidating sets of smaller documents, then, carry out some usability 
testing, refine, and test again. Even if the guidelines have the best advice, they cannot be 
effectively used unless they are usable to the target users.
Having seen the usability limitations of WCAG and proposed solutions from literature, in the 
next section, we present Web developers’ views about the usability of WCAG. The purpose 
of this section is to compare views of the research community (literature) with the views of 
actual users of Web accessibility guidelines concerning the usability limitations of WCAG 
and suggestions for improvement.
3.7 Web developers’ views about the usability of WCAG
As part of the process of investigating the usability of WCAG guidelines, we carried out a 
mini survey on Web developers that use WCAG. The aim of the survey was to find out Web 
developers’ views about the usability of WCAG and their suggestions on how WCAG could 
be improved.
A questionnaire was sent to the Web accessibility in mind (WAIM) mailing list, a mailing list 
for people interested in developing accessible Web based systems as is stated on their home 
page (http://www.webaim.org/discussion/) accessed May 2008. The issues covered in the 
questionnaire were: respondents’ main interest in regard to the Web; version of WCAG used; 
if they referred to WCAG; if they find WCAG easy to navigate; if they think WCAG could 
be improved and suggestions on how this can be done; what they liked most about WCAG; 
what they didn’t like about WCAG and any other comments. The full questionnaire is 
attached in the appendix as appendix 2. Next we present the results that were obtained.
3.7.1 Results 
Qn 1. What is your main interest in regard to the Web?
Eight people responded to the questionnaire of which five were Web developers, two were 
interaction designers and one was a Webmaster. Research on how many users to test in 
usability studies have noted that observing four or five subjects allows the evaluators to 
discover 80%of a product’s usability problems because most usability problems are detected 
within the first three to five subjects and testing with additional subjects is unlikely to reveal
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new information (Virzi, 1992, Nielsen, 2000, Turner, Lewis & Nielsen, 2006). Hence the 
sample size of 8 was considered sufficient to provide a tight confidence interval.
Qn 2. What version of WCAG do you use?
WCAG 1.0 was the most used by 3 of the 8 respondents. WCAG 2.0 was used by 1, while 3 
respondents used both WCAG 1.0 and WCAG 2.0. The 8th respondent did not use any of the 
two on which he said that he found both hard to understand.
Qn 3. How do you refer to WCAG?
Of the 8 respondents, 6 refer to the online copy while 2 carry details in their heads.
Qn 4. Do you find WCAG easy to navigate?
Majority (7) said that WCAG could be improved. Only 1 respondent had no problem with 
WCAG guidelines.
Qn 5. If you think it could be improved, how might it be improved?
Majority (6) advised that WCAG guidelines should be reorganised and 1 suggested that the 
language of the guidelines should be simplified into plain English. The specific suggestions 
that were given per version follow:
WCAG 1.0
• An easy read version would be good so that contributors in all levels of the design process 
can understand and find what is relevant to them
WCAG 2.0
• Have everything in one document. “At the moment I am forever navigating from 
techniques to understanding and to actual guidelines”
• I find it very difficult to keep on navigating between the requirements itself, the 
understanding of the requirements and the techniques. When you are not very familiar 
with the requirements and need information from all three documents, it is difficult to get 
what you want.
Qn 6. What do you like most about WCAG? 
WCAG 1.0
• It is laid out in a clear simple manner.
• The simple layout and highlighting/formatting are easy to follow.
• It is important as a set standard for accessibility. However, it needs to be made more 
usable
WCAG 2.0
• The understanding section (WCAG 2.0)
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• The technical (how to meet requirements). It gives users ideas and also reduces the 
chance of misinterpreting the requirements.
Both versions:
• Having one place to go for definitive answers
• Promotion of equality
• The WCAG are much easier to understand than the ATAG
Qn 7. What is it that you do not like about WCAG? 
WCAG 1.0
• It is bent more towards visual disability; emphasis on aspects should correlate to the 
number of users affected.
• Sometimes it does not offer truly useful information - some links in the navigation section 
are broken.
• Some requirements seem to be ridiculous. They are so hard to meet. For example AAA 
compliance is not possible on a fully functioning Web site. It may be possible on a simple 
site, but not on something as complicated as Amazon.
• It needs to be worded more simply.
WCAG 2.0
• Techniques section seems to repeat the understanding section. One would expect here 
concrete examples of implementation. For example, in case of required field markers, 
marker positioning and label alignment.
• As stated before the division of data across three different pages can be troublesome.
Both Versions
• There is a lot of information and it is quite hard to summarise and explain to third parties. 
For example while working with developers whose first language was Thai it became 
very difficult to train them in accessibility having based the training on WCAG
• Too scientific.
Qn 8. Please provide any other comments you may have
• It would make promotion of WCAG easier if the guidelines are accompanied by 
statistics. It seems hard but WAI should concentrate on investigating and telling users 
in details why guidelines matter. This would help users e.g. developers in prioritising 
the guideline implementation depending on the user profile/disability. A t the moment 
saying stu ff like "some screen readers do not display abbr" without saying which ones 
does not help. We get reactions o f  "so why bother". I  would like to answer because 
"jaws 9 does and our customers can purchase it" given that we design mostly intranet 
Web applications.
• Of course if designing for a public facing Web application where you cannot rely on 
knowing the users, it would make these statistics likely to be abused but they would help 
people that actually are trying to make a difference, little by little.
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• Make WCAG Web sites more appealing to falsify a common perception among Web 
designers new to accessibility that designing/developing accessible Web based systems is 
associated with boring designs. What is wrong with designing a nice looking Web site for 
the WCAG? Why does it have to be black text on a white background?
• Accessibility is something that has to be addressed at the browser design level, 
accessibility for developers is essentially reverse engineering to combat the faults made 
by browser manufacturers. More pressure needs to be applied at this level.
3.7.3 Discussion of the Results
As per the results presented in 3.7.2, Web developers would like to see WCAG reorganised to 
make it easier to use.
• Of the 8 respondents, 7 said they find WCAG hard to navigate,
• 6 would like WCAG to be reorganised and 2 would like its language to be simplified
• They find both versions too long
• The division of WCAG 2.0 into three distinct documents makes it difficult to find 
required advice
The Web developers echoed the usefulness of WCAG when asked what they liked about 
WCAG. They said that it is good to have one place to go for definitive answers on Web 
accessibility and that the techniques given are very useful for they give users ideas on 
addressing accessibility and reduces chances of misinterpreting the requirements. They also 
pointed out some of the good qualities of the two versions of WCAG namely: the simple 
layout of WCAG 1.0 and the understanding and techniques sections of WCAG 2.0.
But the developers also noted a number of usability limitations of WCAG that still make it 
difficult for them to obtain required advice as follows:
• Difficult to read for various contributors in the development process of Web based 
systems
• Reference to too many documents by WCAG 2.0 which makes it difficult to use. One of 
the participants noted “ I am forever navigating from techniques to understanding and to 
actual guidelines which makes it difficult to get what you want”.
• WCAG 1.0 is bent more towards visual disability with little guidance on other 
disabilities
• Techniques section of WCAG 2.0 seems to repeat the understanding section
• Too scientific
• There is a lot of information and it is quite hard to summarise and explain to third parties
The Web developers also gave suggestions on how WCAG can be improved as follows:
• Reorganise the guidelines so that all people involved in Web development can find advice 
relevant to their needs
• Have one single document rather than the current division of WCAG 2.0 into three 
distinct documents
• Shorten the documents
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The solution to the usability problems of WCAG proposed in this research maintains the 
good qualities of WCAG 1.0 and WCAG 2.0 such as simple layout of WCAG 1.0, the 
understanding and techniques sections of WCAG 2.0 but adds content filtration/focused 
retrieval functionality that enables users at the click of a button to obtain specific advice 
relevant to their context of use such as role, responsibility and other use case scenarios. The 
next chapter discusses the theoretical foundation of the proposed solution to the usability 
limitations of WCAG.
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CHAPTER FOUR THEORETICAL FOUNDATION OF THE FRAMEWORK FOR 
FILTERING ACCESSIBILITY GUIDELINES
Summary
The contribution of this chapter is a demonstration that the proposed solution for the usability 
limitations of WCAG i.e. the framework for filtering accessibility guidelines is novel but well 
grounded in the broader mature field of information retrieval particularly focused retrieval 
and that its application is generic beyond the domain of focus in this research i.e. Web 
accessibility guidelines. It explains the conceptual model (description of the nature of users 
and their specific information needs). This is followed by a discussion of the theoretical 
foundation of the framework for filtering accessibility guidelines including a brief review of 
the most notable Web based document filtration techniques and their limitation in relation to 
improving usability of multi user Web based documents, an explanation of focused retrieval 
(the broader subject area under which the framework falls), the principles that underlie its 
functioning and an illustration of how uniquely the framework applies these principles. 
Subsequently it gives a general description of the framework’s information retrieval model 
from a theoretical point of view including how the actors and the underlying data model are 
connected and a brief description of the framework’s query processing mechanism.
4.1 A Conceptual Model
Web accessibility guidelines are used by people with different interests and skill base. The 
main groups of users include: procurers (charged with deciding on the content of a new Web 
site), IT managers (charged with bringing a new Web site into being) and developers 
(charged with the actual coding and testing). For our purposes, we will assume that these 
people have domain (Web accessibility) knowledge, but yet find it hard to locate the advice 
needed from the guidelines’ documents. In this section we classify these users and show the 
specific information needs they have.
The different groups of users of Web accessibility guidelines want guidance tailored to their 
roles and responsibilities as shown in table 6.
Table 6 Information Needs of Users of Web Accessibility Guidelines
Guidance wanted Procurers IT
Managers
Developers
1. Drafting request for proposal X
2. Assessing compliance with the greed contract X
3. Per type of disability X X X
4. Per logical structure of the document (DTD) X X X
5. An overview of accessibility problems X
6. 6. Implications of compliance X
7. Detailed technical guidance X
8. Developer oriented suggestions in relation to 
common concepts in Web development
X
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The Web accessibility guidelines domain has three classes of actors namely:
• Users of accessibility guidelines such as procurers, IT managers and developers
• Topics covered in the accessibility guidelines i.e.
- Drafting request for proposal
- Assessing compliance with the agreed contract
- Per type of disability
- An overview of accessibility problems
- Implications of compliance to void accessibility problems
- Detailed technical guidance
- Developer oriented suggestions in relation to common concepts in Web development
• Structural elements of the document (DTD)
The three actors have two information related tasks i.e.
• Users can get guidance on topics of interest or a combination of them
• Users can access the document by its DTD (structural elements)
The next section discusses the theoretical foundation of the framework covering a brief 
review of the most notable Web based document filtration techniques and their limitation in 
relation to improving usability of multi user Web based documents, a short intuitive 
description of information retrieval and focused retrieval, the broader subject area to the 
framework’s information filtration/retrieval model, the principles that underlie the 
functioning of focused retrieval and an illustration of how uniquely the framework applies 
these principles. This is followed by a description of the framework’s information retrieval 
model and a conceptual schema that shows how the actors and the underlying information 
retrieval model are connected and the query processing mechanism of the framework.
4.2 Theoretical Foundation of the Framework
4.2.1 A review of Web based document filtration techniques
There have been some attempts to filter Web based documents/ Web sites according to the 
specific needs of a user. The most notable techniques include: Web adaptation technology 
that offers users with varying disabilities the ability to customise the visual interface to meet 
their needs (Hanson, 2004). The aim of Web adaptation technology is to offer the user the 
opportunity to change the presentation features of the document ‘on the fly’ but this approach 
does not render the document according to the users business context such as role, 
responsibility, task etc, the core interest of the framework for filtering accessibility 
guidelines. A related approach is the profile based Web document delivery which customises 
and delivers Web documents/Web sites according to some key descriptors or preferences of a 
user and their browsing device (user profile) (Stone, Dhiensa & Machin, 2006, Atkinson, 
Dhiensa & Machin, 2006). A profile is described in terms of essentiality and proficiency. 
Essentiality is used to control the quantity of information that is transmitted and proficiency 
is used to control the format such as a description of minimum acceptable font size, preferred
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font face and preferred text and background colours. A key feature of the proficiency profile 
is the accessibility component which captures the user's tolerance of accessibility issues in a 
document such as the presence of images or the markup of tables. The document delivery tool 
works as a kind of filter to reduce the content to the level of essentiality requested, to make 
the various presentation changes and to warn of accessibility issues as specified in the user's 
profile.
The closest to the framework’s retrieval model is focused retrieval using XML elements 
(Sigurbjoornsson, 2006, Joty & Al Hassan, 2007). The focused retrieval approach provides 
the user direct access to the relevant information in XML documents rather than merely the 
relevant documents (Joty & Al Hassan, 2007). Although focused retrieval does not also 
address the users’ context of use, it is the closest to the information retrieval model of the 
proposed framework for filtering accessibility guidelines. This is so because it returns 
specific information in response to a user’s query rather than simply relevant documents. But 
while the framework is only concerned with single long Web based documents, focused 
retrieval queries multiple heterogeneous documents. In the next section, we provide a brief 
description about information retrieval and focused retrieval. We then explain the principles 
that underlie the functioning of focused retrieval and illustrate how uniquely the framework 
applies these principles.
4.2.1 What is Information Retrieval (IR)?
Information retrieval is a field concerned with the structure, analysis, organisation, storage, 
searching and retrieval of information (Allan & Croft, 2002). Information retrieval research 
has been likened to research in databases but the main distinction between the two fields is 
that unlike databases, information retrieved is derived from unstructured data sources (Allan
& Croft, 2002).
In the 1970’s and 80’s much research on IR was focused on document retrieval. In addition 
the emphasis of the annual Text Retrieval Conference (TREC) evaluations reinforced the 
view that IR is synonymous with document retrieval (Allan & Croft, 2002). The most 
common example of document retrieval are Web search engines which to date are 
characterised as one of the most publicly visible realisations of information retrieval 
technology (Allan & Croft, 2002). However interaction with Web search engines are a one 
size fits all. That is all queries are treated as simple Web queries aimed at locating useful 
home pages leaving the burden to scan and navigate the retrieved material to find the answers 
on the user. This approach excludes representation of user preferences, search context or task 
context. The vast rise in the amount of online text such as research outputs, news, financial 
data, entertainment and schedules and the demand for access to different types of information 
have led to an interest in a broad range of IR approaches that go beyond simple document 
retrieval such as focused retrieval, topic detection and tracking, summarisation, multimedia 
retrieval etc. Our interest in this research is focused retrieval whose information retrieval 
model is closest to the aspirations of the retrieval model desired by the proposed framework. 
The next section talks more about focused retrieval.
4.2.2 What is Focused Retrieval?
Focused retrieval is a precise technique for information retrieval which locates the relevant 
information for the user unlike traditional information retrieval systems such as search 
engines which leave the reader to find relevant information in long documents (Joty & Al-
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Hassan, 2007). Therefore in addition to the ability to retrieve full documents, focused 
retrieval can return each defined subsections (subtrees) in relation to the query. That way 
focused retrieval may help to support the searcher by providing them with smaller 
information units containing the information that they need. Focused retrieval may be seen as 
a practical compromise between information retrieval in general and question answering. 
Whereas question answering tries to answer a question by gathering relevant information and 
processing that into a well formulated answer, focused retrieval restricts itself to offering 
searchers the minimal amount of information that will enable the searcher to find the answer 
themselves (Joty & Al-Hassan, 2007).
Focused retrieval is a relatively new area of research whose growth is motivated by basic 
problems in querying mechanisms such as keyword exact matching, low Web coverage rate, 
long result list with low relevancy to user query and also because of the need to include 
information on the specific domain (Joty & Al-Hassan, 2007). Joty and Al-Hassan predicted 
that focused retrieval systems will be the basis for the next generation search engines once 
they can extract document fragments with higher levels of accuracy and efficiency.
The interest in focused retrieval is motivated by the huge increase in the amount of text 
online and the demand for access to different types of information in a broad range of 
information retrieval formats that go beyond simple document retrieval (Joty & Al-Hassan,
2007).
Focused retrieval systems are most useful for information oriented tasks such as research 
where users need a quicker and more effective way to evaluate the content of retrieved 
documents (Toms et al., 2003). The next sub section explains the principles that underlie the 
functioning of focused retrieval and how the framework can uniquely apply these principles.
4.2.3 Principles of Focused Retrieval and their Relevancy to the Framework
Focused retrieval is based on a number of underlying principles namely:
Principle i: Focused retrieval is motivated by the presence of context scenario of nested 
information that fulfills the user’s need but is buried within the long document. According to 
Joty and Al-Hassan (2007), full documents are too long to be considered the appropriate units 
of retrieval.
Principle ii: The relevance of the focused retrieval approach to a domain depends on a 
number of “context variables” such as the data being searched, the person searching, and the 
task underlying the search (Sigurbjoornsson, 2006).
Principle iii: The added value of focused retrieval systems is that they can give an overview 
of the content of different sub-parts of the documents either as structured result lists or in 
form of direct links. In the former, a clear indication about the relation between the user’s 
query and the “discourse structure” of the document is given -that is instead of showing only 
one text snippet for each document, a text snippet for each relevant element is shown, 
together with a partial “table of contents”. For direct linking, direct access is given to relevant 
portions -that is relevant elements of documents. Following the given links, users can get to 
the relevant information with less effort and time (Joty & Al-Hassan, 2007).
Principle iv: Focused retrieval techniques are based on the structure of documents and use 
the document’s structural elements to define focused retrievable subsections (subtrees).
Principle V: Focused retrieval is commonly used in three application areas (Joty & Al- 
Hassan, 2007) namely:
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• Passage retrieval - identifying and extracting most relevant fragments from 
heterogeneous full-text documents.
• Element retrieval - searching and identifying relevant XML elements from XML 
documents. This is a special case of passage retrieval where the passages are defined in 
terms of the document structure (XML-Information Retrieval (XML-IR)).
• A question answering engine: This is also considered a form of focused retrieval 
since it finds answers to the questions (Sigurbjoornsson, 2006).
The framework for filtering accessibility guidelines applies the principles of focused retrieval 
in a distinctive way to suit the unique needs of the domain as follows:
Principle i: The framework is based on the fact that users of Web accessibility guidelines 
want information that is tailored to their roles and responsibilities (Donelly & Magennis, 
2003), yet existing accessibility guidelines are organised and presented in a one view for all 
approach. So the guidelines documents have nested information on context scenarios that 
fulfill users’s individual needs but this is buried within the long documents.
Principle ii: It is motivated by the fact that the context of use of users of Web accessibility 
guidelines/related documents is based on audience roles, topics covered, logical structure of 
the document, etc. So the major motivational context variables are the person (s) using the 
guidelines, the topics covered, the purpose for which users want to use the guidelines and 
logical structure of the document.
Principle iii: The framework provides full content for the sub sections relevant to the query 
by gathering relevant information and processing that into a well formulated answer instead 
of just providing an overview or links to relevant content. This is analogous to the question 
answering engine technique, one of the application areas of focused retrieval (Joty & Al- 
Hassan, 2007). But unlike standard focused retrieval systems, the framework is only 
concerned with retrieving information from single long Web based documents rather than 
multiple heterogeneous documents.
Principle iv: The framework also makes use of the document structure of Web based 
documents (DTD) to add extra attributes to structural elements in order to define focused 
retrieval subsections (subtrees). Rather than inventing new tags such as <visual> ... <visual> 
and by their introduction making an XHTML document non standard, the same effect can be 
achieved without disturbing the document by the technique called microformating (Meyer, 
2005, Stone, Dhiensa & Machin, 2006). Microformating in this case is a way of adding extra 
semantic information into an XHTML document without compromising standards 
compliance or the accessibility of the document (Stone, Dhiensa & Machin, 2006).
Principle v: In addition the framework combines both passage and element retrieval in that it 
identifies and extracts relevant fragments of information from a long document used by 
different groups of users. Besides when parsing information requests, it searches the 
document and identifies relevant focused retrieval attributes (Cascading Style Sheet (CSS) 
tags in the place of XML elements). The CSS style attributes are embedded within XHTML 
structural elements such as divisions (<div>, headings, paragraphs, sentences etc. So the 
passage/relevant information segments are defined in terms of the document’s DTD just like 
the element retrieval technique.
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The next subsection discusses the theoretical description of the framework’s information 
retrieval model from a theoretical point of view.
4.3 Theoretical Description of the Framework’s Information Retrieval Model
Typically for a focused retrieval task, we assume that the retrieval system has a document D, 
and that users have skills to describe their information need as an (explicit) query, and are 
aware of the document structure. In particular, users can describe the format of their 
information need as (structural) elements of interest). Hence an information request consists 
of the following:
a. Input: query q , set of EoI (elements of interest). This request also is denoted as a tuple <q , 
EoI>.
b. Output: (sub) trees in the document satisfying the query
The query part q describes the intention of the information required, while the elements of 
interest (EoI) describe the extension by restricting the result to specific document elements. 
For example, a query may ask for all section titles about tea. Then we have:
• q = tea
• EoI = { <section title> }
The goal of the focused retrieval technique is to retrieve contents of those instances of 
elements of interest that are relevant to the query processed into a well formulated answer.
In general, we assume that a document has been composed according to some grammar G (in 
XML/XHTML terminology: Document Type Definition - DTD/XML Schema - XSD). The 
grammar G describes a set of syntactic categories and the rules of how in terms of these 
categories valid sentences may be composed. For example, a noun phrase and a verb phrase 
are syntactic constructs from natural language. A natural language sentence may be formed 
by concatenating a noun phrase, a verb phrase and a noun phrase (if some extra rules for 
wellformedness are obeyed that are omitted in this example for simplicity).
Let T(D) be the parse tree for document D describing the construction of document D in 
terms of grammar G. Note that each node in the parse tree has an associated syntactical 
category from grammar G. A filtering of a tree T is a subforest F of that tree. For example, a 
filtering may select all noun phrases from the document. If q is a query, then the filtering of D 
with q consists of the maximal sub-forest from T (D) such that:
1. Each larger subforest is not more relevant to q.
2. Each smaller subforest is less relevant.
We assume a similarity function Sim (q, F) that evaluates how well forest F is relevant to 
query q. For example, if a user is interested in sentences about tea, and a sentence has an 
object about tea, then the similarity function has to take into account the relevancy of this 
subordinate element also. We will in a later section discuss how the relevancy of elements is 
affected by the relevancy information of its subordinate element.
Let the filtering of D with q be the forest consisting of trees T1, . , Tk. Then the retrieval 
result is displayed by subsequent display of these trees.
In the next sub section we simplify the description of the retrieval result using XPath, the 
XML path expression language.
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4.4 Focused Retrieval and XPath
XPath is a standard method to describe paths in XML parse trees. It provides a rich variety 
for such descriptions and is also useful to describe a navigation path in XML documents. 
Xpath is so named because it is a language for path expressions for XML documents. In the 
XML context, XPath is used for locating nodes in the parse tree of an XML document. 
XQuery has been proposed as a language to describe further processing of these selected 
elements. The general structure of an XQuery expression is:
for elements in XPath expression
let temporary definitions for path elements
where condition on selected elements
order by expression
return result
The above expression can also be generally described using Xpath but Xquery is more 
powerful in ordering results. For example, the following expression requests for all books 
from the file library.xml with a price < 200, their title and author, ordered by author.
for “document(library.xml)/book”
let $a := $b/author
where $b/price lt 200
order by $a
return ($b/title, $a)
XPath thus is used to locate elements in an XML document. Other than locating elements, 
Xpath is also used for performing operations on data such as numeric, string and Boolean 
operations (mulberrytech.com/papers/XPath-2-0-User-Grp-HTML). The further processing 
of information requests may follow the following schema:
for $elt in EoI
where $elt satisfies q
order by relevancy of $elt for q
return $elt
Consequently, the retrieved result will be a document containing all the elements matched 
from the original XML document. As an example of a focused retrieval task, consider an 
XML document called example.xml that has been constructed according to the following 
DTD:
<?xml version="1.0" encoding="UTF-8" ?>
<!-- story.dtd -->
<!DOCTYPE story [
<!ELEMENT story (section*) >
<!ELEMENT section (title?, content) >
<!ELEMENT content (#PCDATA) >
<!ELEMENT title (#PCDATA) >
]>
The parse tree for this document is presented in figure 8.
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Figure 8 Parse tree of example.xml document
For instance an expression like example.xml/story refers to the story-element in the document 
example.xml. Next we discuss some examples of information requests.
<story>
<section>
<title>T ea</title>
<content>Any time is tea time!!!</content>
</section>
<section>
<content>The best tea in Africa comes from Uganda.</content> 
</section>
</story>
As the first request for information we consider < *, {<story>} >, meaning that we are 
interested in all the contents of the story element from the document. The result is the 
following:
[ example.xml/story ]
Tea
Any time is tea time!!!The best tea in Africa comes from Uganda.
What is returned from the xpath query is a node set containing one node which is the story 
node.
In the next request, we consider the query < tea, {<section>} > that represents the 
information request: give me all sections about tea. Then obviously both sections of our 
sample document are relevant. Assuming our similarity function assigns the second section a 
higher relevance, the resulting list is:
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[example.xml/story/section[2], example.xml/story/section[1] ]
Tea
In the third request, we consider the query < time, {<section>} >that represents the 
information request: give me all sections about time. Then section one will be picked with 
this result:
[example.xml/story/section[1] ]
Tea
Any time is tea time!!!
In the last example request, we consider the query < Uganda, {<section>} >that represents 
the information need: give me all sections about Uganda. Then section two will be picked 
with this result:
[Example.xml/story/section[2] ]
The best tea in Africa comes from Uganda.
Up to this point we have introduced both the actors and the underlying model for the data to 
be processed. The conceptual schema shows how these two are connected. The connection is 
via the query language, which is introduced in a later section.
4.5 Conceptual Schema
The conceptual schema connects documents to their composition in structural elements. It 
joins the structural elements and their composition rules (the underlying document grammar 
or DTD) to the actual parse tree. The document based on its textual representation has an 
associated parse tree. Parse trees are constructed as instances of structural elements. If the 
document is well formed, then one or multiple in case of an ambiguous grammar parse tree 
can be associated to it. The conceptual schema describes the relationship between each 
instance and its associated structural element type. In the conceptual schema, the document is 
associated with the root of its parse tree as an instance of the root element as provided by the 
DTD.
We will use the conceptual schema as a communication mechanism that describes the 
concepts and their relationships where each relation is seen as a grammar rule. From each 
relation, we have an associated rule to verbalize the actual fact instances. That way we may 
also describe queries as readable sentences.
The element instances are characterised by topics. In our particular application, we assume a 
very special structure for the set of topics. In general, topics are just seen as a string of text. 
Topics may have sub-topics. This relation will describe the ontology for our special 
application area (see next section).The topics connect the document to the users that require 
information as described in section 4.1. The conceptual schema is displayed in Figure 9. In 
this thesis we will use this conceptual schema for retrieving customised content from the Web 
Content Accessibility Guidelines.
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Figure 9 The conceptual schema of the framework
Explanation of the Conceptual Schema
• Users of Web accessibility guidelines such as procurers, IT managers and developers are 
interested in different content themes/topics covered in the guidelines’ document
• Content themes/topics may have sub themes/sub topics e.g. guidelines per type of 
disability
• Queries/topics are ordered according to relevancy where by a query is answered by 
gathering relevant subtrees and processing that into a well formulated answer
• Content themes/topics covered in the document are defined using XHTML structural 
elements e.g. <div> tags used for defining divisions or sections in an HTML/XHTML 
document, <h1, h2.. .> for different levels of heading, <p> for paragraphs, etc
• Some structural elements may have sub elements
• Structural elements are of different types each with an associated grammar/ DTD
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In our application, we will not assume the user to be able to define an information request. 
Rather we will assume that users will have specific information requests, related to their 
specific tasks, as described in section 4.1. This choice has an impact on how the information 
system is constructed. Rather than offering free format queries, we will restrict ourselves to 
predefined queries which are composed and defined as follows:
4.6.1 Indexing: Pre-computing the Queries
Queries are composed of a fixed set of topics that are predefined by the design team, and are 
based on the knowledge of the information needs of user groups. In this sub section we will 
restrict ourselves to these topics that are also the elementary queries. During indexing, the 
document is pre-processed in such a way that it encodes the answers for the elementary 
queries. This encoding is achieved through microformating where the (X)HTML structural 
elements are extended with filtration/focused retrieval attributes using the class property of 
(X)HTML elements. This leads to a modification of the original DTD by adding 
filtration/focused retrieval attributes to the class property on structural elements where it 
already exists or introducing it for the elements without it. In our running tea example, we 
then get:
<?xml version="1.0" encoding="UTF-8" ?>
<!-- story.dtd -->
<!DOCTYPE story [
<!ELEMENT story (section*) >
<!ELEMENT section (title?, content) >
<!ELEMENT content (#PCDATA) >
<!ELEMENT title (#PCDATA)>
<!ATTLIST story
class CDATA #IMPLIED>
<!ATTLIST section
class CDATA #IMPLIED>
<!ATTLIST title
class CDATA #IMPLIED>
<!ATTLIST content 
class CDATA #IMPLIED>
]>
Query processing uses the DTD structure of the document and the meaning of focused 
retrieval attributes (CSS display style attributes) added to the elements through linked CSS 
files. The display styles are stored in style sheets that specify rules on how to display the 
elements given the focused retrieval attributes. The class attribute specifies a class name for 
an attribute and is mostly used to point to presentation style (s) of interest.
In our running tea example, if we assume only 2 topics: ‘drink’ and ‘country’. Then we will 
add the class property and on it add focused retrieval attributes- that is “tea” to display
4. 6 Querying the Framework
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content under that element when the user selects tea as the drink of interest and “Uganda” to 
display content under that element when the country of interest is Uganda. The document 
then is extended as follows:
<story class="tea Uganda">
<section class="tea">
< title class="tea">Tea</ title >
<content> Any time is tea time!!! </content>
</section>
<section class="tea Uganda">
<content> The best tea in Africa comes from Uganda. </content>
</section>
</story>
The composing of elementary queries can be done using the CSS display style options 
namely: {display:none;} and {display:block;} When the {display:none;} option is specified, 
the content of an element will not be displayed while when {display:block;} is used, it will be 
displayed. So in the above example, we have to create multiple style sheets such as ‘tea.css’, 
‘coffee. css’, etc. either internally or externally. As an example, the tea. css style file would 
look as follows:
.coffee {display:none;} 
story.tea, 
section.tea, 
title.tea,
content.tea {display:block;}
The above style description means that don’t display content under elements with .coffee 
style attribute instead display elements in the document with .tea style attribute which are 
story, section, title and content. For each topic, there is a set of alternative style sheets which 
specify that the system should only display content relevant to that topic and block the rest 
whenever this sheet is selected. The ‘not needed’ content is blocked from display using the 
CSS style, ‘display: none. A "plug and play" style sheet switcher is used to dynamically link 
style sheet information with the display process of the documents. This is what makes it 
possible for users to switch between alternative topics.
Other than mutually exclusive topics, the framework also supports filtering of content from a 
combination of topics. For example suppose the story was about several drinks (tea, coffee, 
cocoa, etc) in several African countries (Uganda, Tanzania, Botswana, etc), the user can 
retrieve stories about EITHER coffee OR tea; stories about Uganda, Tanzania OR Botswana; 
stories that mention both tea AND Uganda, etc. To facilitate querying of information from 
multiple topics:
• You need all topicgroup  styles such as ALL_DRINKS and ALL-COUNTRIES styles to 
show all stories that mention any of the drinks and any of the countries respectively. This 
gives users an opportunity to select styles in combination e.g one drink tea and one 
country Uganda. This provides the user with stories that mention both tea and Uganda.
The next step could be to involve order. If you make another extension and add a property of 
relevance to each element as follows:
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<?xml version="1.0" encoding="UTF-8" ?>
<!-- story.dtd -->
<!DOCTYPE story [
<!ELEMENT story (section*) > 
<!ELEMENT section (title?, content) > 
<!ELEMENT content (#PCDATA) > 
<!ELEMENT title (#PCDATA) > 
<!ATTLIST story
class CDATA #IMPLIED 
CDATA #IMPLIED>
<!ATTLIST section 
class CDATA #IMPLIED 
relevance CDATA #IMPLIED> 
<!ATTLIST title
class CDATA #IMPLIED 
relevance CDATA #IMPLIED> 
<!ATTLIST content
class CDATA #IMPLIED 
relevance CDATA #IMPLIED>]>
The general format now becomes:
Input: query q
EoI = E1, .., Ek
for $elt in E1
$elt in Ek
let $class = Set ($elt/class);
$relevancy = Sim ($class, q)
where $relevancy > 0
order by $relevancy
return $elt
The function set reads the class property, and transforms the content topics of that element 
into a set of topics. The similarity function takes that set of topics, and compares it with the 
query q. For the similarity function we may choose to apply any of the well-known similarity 
functions, such as the Jaccard measure and the Cosine measure. Note that this functionality is 
not provided in the framework for filtering accessibility guidelines because it is not relevant 
to this domain but it can be a useful attribute for the application of the framework to other 
domains like e-learning content.
For query composition we use the Boolean operator ‘AND’ to request for content for two or 
more topics. The indexing process has assigned each element a set of topics as a 
characterisation. Consequently, for each element instance we can easily determine its 
relevancy. The next chapter discusses the framework including its requirements, design and 
implementation.
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CHAPTER FIVE A FRAMEWORK FOR FILTERING ACCESSIBILITY GUIDELINES 
Summary
The contribution of this chapter is an illustration of how the requirements of the framework for 
filtering Web accessibility guidelines are determined, how it is designed and implemented. It 
discusses the framework’s rationale for content filtering i.e. context of use, its components and the 
role played by each component in making the guidelines easier to use for a particular target group. It 
also discusses the process that was used to build a prototype that was developed to implement the 
framework.
Note: The prototype was developed with WCAG 1.0 guidelines because by then WCAG 2.0 was not 
yet passed and WCAG 1.0 was still the stable and referencable version. But the approach is also 
relevant to WCAG 2.0 and also applies to ANY set of Web based documents for any subject if 
intended for multiple classes of users.
5.1 Introduction
Content filtration is concerned with finding ways to provide the user with only the information 
needed (Atkinson, Dhiensa & Machin, 2006). Instead of leaving the reader to find relevant 
information from long documents, the system locates the relevant information for the user (Joty & 
Al-Hassan, 2007). Content filtration makes it easier for a user to use long documents intended for 
multiple classes of users. A user who needs information from a long document will wish such a 
document was not so big and just contained the information he/she needs. Content filtration 
particularly that discussed in this work enables the user to just say who he/she is and or the 
information of interest, then the document shrinks so that only appropriate information is displayed. 
Figure 1 illustrates a case of a long document with clattered pieces of content relevant to two groups 
of users (user 1 and user 2 and two topics (topic 1 and topic 2).
Filtered content when 
topicl is the info of 
______ interest_________
topicl
topici
Figure 10 The concept of Content Filtration
Figure 10 shows that the entire document has information relevant to two kinds of users (user1 and 
user2) and two topics (topic1 and topic 2). But this information is cluttered instead of being 
organised and presented according to the two divisions of relevancy. For example, topic1 has two 
segments one located at the beginning of the document and the second at the last but one section of
Entire document
topici
userl 
topic 2 
user2 
topici
userl
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the document. A user interested in both segments of topic1 will have to go through all the content 
between the first and second last segment of the document. More so, even after finding both 
segments, it would be hard to link the two since the user would have to read each independently. As 
shown in figure 10, content filtration enables the user to obtain both segments of topic 1 connected at 
the click of a button by specifying that topic1 is the content of interest.
The framework for filtering Web accessibility guidelines organises and presents Web accessibility 
guidelines such as WCAG according to context of use based on audience roles and other use case 
scenarios. Dictionary.com defines context as a set of circumstances or facts that surround a particular 
event or situation. According to Allan and Croft (2002), contextual retrieval is a type of information 
retrieval that combines search technologies and knowledge about a query and user context into a 
single framework in order to provide the most appropriate answer for a user’s information needs. 
Hence context aware retrieval makes use of knowledge about the user, current task, history, future 
plans, location, device etc in order to provide the user with the most specific information in relation 
to the query. In the framework the context of use made use of is the audience roles and structure of 
the document.
For the framework for filtering Web accessibility guidelines, we propose four contexts of use 
namely: level of use, type of disability, Web page component and structure of the document. In the 
next section, we discuss each context of use, the role played by each in making the guidelines easier 
to use for one or more audience groups and an illustration of the relationship between the entire 
guidelines document and contexts of use. Please note that the four contexts of use proposed are not a 
finite listing but the ones deemed most useful. There are other possibly relevant contexts of use such 
as level of detail discussed by Dhiensa et al., (2005). In addition more could evolve from further 
studies of user behavior and preferences as well as domain requirements.
5.2 Contexts of use for the Framework
The main motivation for applying content filtration/focused retrieval to a document is the presence of 
the context scenario of nested information that fulfills different user needs but is locally buried 
within the long document (Joty & Al-Hassan, 2007). This is the case with the Web accessibility 
guidelines where advice relevant to different groups of users is cluttered with in the long document 
hence difficult to find. The framework for filtering Web accessibility guidelines organises and 
presents Web accessibility guidelines such as WCAG according to contexts of use. The proposed 
contexts of use are: level of use, type of disability, Web page component and structure of the 
document.
Instead of one view for all like the current structure of WCAG 1.0 and WCAG 2.0, we propose that 
the guidelines be organised and presented according to the four contexts of use. Next we describe 
each context and the role it plays in making the guidelines easier to use for one or more groups of 
audiences.
5.2.1 Web Page Component Context of Use
Most of the Web accessibility guidelines including WCAG offer quantifiable rules but Web 
developers often fail to implement them effectively (Bigham & Ladner, 2007). The UK’s Disability 
Rights Commission (DRC, 2004) noted that Web site designers have an inadequate understanding of 
the needs of people with disabilities and how to create accessible Web sites hence would welcome 
clearer guidance. One of the challenges faced by Web developers is that available accessibility 
guidelines are difficult to integrate into existing developer workflows and rarely offer specific 
suggestions that are developer oriented (Bigham & Ladner, 2007). Bigham and Ladner advised that 
Web developers would be more likely to create accessible systems if given specific suggestions that
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are developer oriented. Probably organisation and presentation of accessibility guidelines according 
to common concepts in Web development could make them easier to integrate into existing 
developer workflows. One of the common concepts in Web development is a Web page. A Web 
page is a resource that holds information on the Web (Yuen and Lau, 2003). As an entity, a Web 
page consists of a set of components or elements that make it a functional resource namely: content 
(information conveyed to the user through natural language, images, sound, movies or animations), 
navigation (how they are related) and user interface (how they are presented) (Thatcher et al., 2002, 
Shwabe & Rossi, 1999). The Web page component context of use organises and presents 
accessibility guidelines according to components that constitute a Web page as a resource -  (content, 
navigation and user interface).
The content of a Web page is the information provided on a Web page in natural language including 
text, images, video, audio or a combination. Content is accessible if it can be viewed and accessed by 
the majority of users including people with disabilities (Thatcher et al., 2002). Viewing is concerned 
with the format of the content such as text or audio while access is about the structure in which the 
content is presented i.e. how a document is logically organised for example by chapter, with an 
introduction and table of contents (Thatcher et al., 2002). Structure is important for Web accessibility 
because assistive technologies such as screen readers render Web content to the user in a linear form. 
Content is regarded the most critical element on a Web page compared to navigation, functionality 
and interactivity (USDHHS, 2006). Therefore it is unreasonable to spend resources on providing 
right content if that content cannot be accessed or viewed by the target audience.
Web navigation is the method of getting around a given page, or moving within the Web site and 
onto other Web pages (Thatcher et al., 2002). Common Web navigation tools include navigation 
menu, links, headings, which ideally can be activated by using either a mouse and or the keyboard. 
But for some people with disabilities this may require the use of their standard support technology 
(e.g. screen readers for the visually impaired).
The user interface of a Web page refers to the objects that the end user perceives and interacts with 
(Thatcher et al., 2002, Shwabe & Rossi, 1999). This covers the way in which navigational objects are 
represented, which interface objects activate navigation, the way in which multimedia interface 
objects are synchronised, which interface transformations take place and the presentation of tasks 
that require users to input information such as a survey form (Thatcher et al., 2002). An accessible 
user interface is one where all the perceptible and interactive tasks of a Web page can be understood, 
perceived and utilised by people with disabilities.
The Research based Web Design and Usability guidelines (USDHHS, 2006) advise Web developers 
to focus on meeting user expectations on content, navigation and organisation for better usability of 
developed systems. Hence besides content, navigation and user interface being common concepts in 
Web development hence familiar concepts for Web developers, focusing on meeting users’ 
expectations on the same improves usability of the developed systems. Besides interactive Web 
based systems such as e-commerce sites usually have more comprehensive user interface and 
navigation modules compared to content. On the other hand less interactive sites like institutional 
Web sites are more content oriented. Therefore developers could find Web accessibility guidelines 
easier to use to find required guidance if organised and presented according to components of a Web 
page.
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Figure 11 Examples of Content, Navigation and User Interface features of a Web page
Beyond the set of Web page features presented in figure 11, there is a close relationship between 
content, navigation and user interface features. Several of the issues that affect content accessibility 
also affect navigation accessibility. For example, if text equivalents for images that are navigation 
links are not provided people using screen readers or text browsers cannot navigate the site. 
Similarly, if the alternative text for image map hot spots is missing, the blind cannot navigate the site 
(Thatcher et al., 2002). On the other hand, a number of navigational features are also user interface 
features such as navigation menus/links and tree controls. Some of this is portrayed in figure 11. 
Therefore the accessibility of each Web page component complements the accessibility of the other 
components.
Vanderheiden (2000) proposed a set of basic components of universal usability namely: 
perceivability, operability, navigability and understandability. The first two principles are concerned 
with the user interface, the third is for navigation while the fourth is for content. These principles 
later formed the basis for the final structure of WCAG 2.0. However the structure of WCAG 2.0 was 
focused on the usability of systems developed with the guidelines rather than that of the guidelines 
document itself. But even if the guidelines have the best advice, they cannot be effective unless the
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target users use them successfully. Besides it is easier for a Web developer to associate with content, 
user interface and navigation instead of general usability principles.
Baguma and Lubega (2008) provide an example classification of Web design 
considerations/guidelines for improved Web accessibility according to Web page components, a 
justification as to why each consideration is necessary for the accessibility of each Web page 
component, relationships between the accessibility of the three components and how such 
relationships can be exploited to improve the usability of Web accessibility guidelines.
5.2.2 Type of Disability Context of Use
There are different disabilities that can affect a person’s use of the Web as discussed in section 2.1. 
Different disabilities cause different barriers on the Web. In addition, different Web projects may 
have varying levels of accessibility requirements for different types of disabilities for example 
intranet projects may already know their user groups. On the other hand, a Web site of an 
educational institution without audio content would be less concerned about advice on hearing 
impairments but more concerned about visual, cognitive and physical disabilities. However, WCAG
1.0 does not categorise and present guidelines according to type of disabilities. WCAG 2.0 mentions 
against each accessibility checkpoint the disabilities or disability groups it benefits but this is only 
done at guideline level. One cannot get at once all the guidelines about a particular disability.
The framework organises and presents Web accessibility guidelines according to types of disabilities 
that affect a person’s use of the Web. The classification is based on the definitions of the different 
types of disabilities that affect Web accessibility given in W3C (2005). An example categorising the 
first three WCAG 1.0 guidelines according to types of disabilities is given in table 5.
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Table 5 A sample categorisation of WCAG 1.0 guidelines according to types of disabilities that
affect use of the Web
WCAG Guideline Type of disability affected if not met
Visual Hearing Cognitive Physical
Guideline 1
1.1 Provide a text equivalent for every non-text element yes yes yes yes
1.2 Provide redundant text links for each active region of a 
server-side image map
yes no yes yes
1.3 Until user agents can automatically read aloud the text 
equivalent of a visual track, provide an auditory description of 
the important information of the visual track of a multimedia 
presentation
yes no yes no
1.4 For any time-based multimedia presentation (e.g., a movie 
or animation), synchronize equivalent alternatives
yes yes yes yes
1.5 Until user agents render text equivalents for client-side 
image map links, provide redundant text links for each active 
region of a client-side image map
yes no yes yes
Guideline 2
2.1 Ensure that all information conveyed with colour is also 
available without colour, for example from context or markup
yes no yes no
2.2 Ensure that foreground and background colour 
combinations provide sufficient contrast when viewed by 
someone having colour deficits or when viewed on a black and 
white screen
yes no yes no
Guideline 3
3.1 When an appropriate markup language exists, use markup 
rather than images to convey information
yes no no no
3.2 Create documents that validate to published formal 
grammars.
yes no yes no
3.3 Use style sheets to control layout and presentation. yes no yes yes
3.4 Use relative rather than absolute units in markup language 
attribute values and style sheet property values
yes no no no
3.5 Use header elements to convey document structure and use 
them according to specification
yes no yes yes
3.6 Mark up lists and list items properly yes no yes yes
3.7 Mark up quotations. Do not use quotation markup for 
formatting effects such as indentation
yes no yes no
5.2.3 Level of Use Context
The level of use context of use organises and presents Web accessibility guidelines according to the 
level of use with two sub contexts namely: understanding the guidelines and techniques. According 
to Donelly and Magennis (2003), users of Web accessibility guidelines want information that is 
tailored to their roles and responsibilities. People involved in IT procurement need guidance on
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drafting request for tender/proposal and assessing compliance with the agreed contract. IT project 
managers need an accurate overview of accessibility problems and the implications of compliance to 
avoid them. Developers require detailed technical guidance and illustrative examples with clear 
functional requirements. In response to persistent low levels of Web accessibility, the Disability 
Rights Commission (DRC) recommended that people responsible for the development of Web sites 
ensure that all specifications of requirements and invitations for tender reflect what is covered in the 
WCAG guidelines (DRC, 2004). But the managers or contract committees need guidance to 
understand what accessibility issues to include in the specifications. However the organisation and 
presentation of available Web accessibility guidelines does not provide such classified guidance. 
This makes it difficult for non technical stakeholders to easily find descriptive advice while 
developers lack guidance on how to humanise accessibility aspects of their systems. Consequently 
managers and procurers do not include accessibility in request for proposals while developers focus 
more on passing automated accessibility tests, which are technical oriented and less focused on 
usability for people with disabilities (Asakawa 2005). Moreover passing automated accessibility tests 
does not mean a Web site is accessible (Asakawa, 2005, Kelly et al., 2005). An image may pass the 
test because it has an alternative text description but the image can still be inaccessible if the 
alternative text does not make sense to the user. The situation is not helped by other players in the 
development of accessible Web based systems namely authoring tools and evaluation tools which are 
equally based on the technical oriented WCAG (Baguma, et al., 2009). The technical orientation of 
WCAG has attracted considerable criticism against it as less effective in providing required guidance 
to developers and other stakeholders such as (Mline et al., 2005, Asakawa, 2005, Kelly et al., 2005, 
Moss, 2006, Clarke, 2006, Kelly et al., 2007, Sloan & Kelly, 2008, Kelly et al., 2009).
Although WCAG 2.0 is divided into two main documents based on the same concept, each of these 
is a separate document which means users have to move back and forth between the main guidelines 
document and the other separate documents. This arrangement makes the guidelines difficult to use 
to find required advice. Participants in the survey on Web developers’ views about the usability of 
WCAG noted that reference to many documents by WCAG 2.0 makes the guidelines difficult to use 
as the user has to keep navigating from techniques to understanding and actual guidelines (details 
given in section 3.7). The framework presents both views in a single document through the level of 
use context of use which has two sub contexts namely understanding the guidelines and techniques.
Common accessibility problems such as inappropriate alternative text and broken skip navigation 
links are caused by focusing on technical aspects at the expense of human aspects of computing 
(Asakawa, 2005). The understanding guidelines sub context of use is aimed at both developers and 
non technical stakeholders. Non technical stakeholders such as IT managers and procurers need to 
gain an accurate overview of accessibility problems and the implications of compliance in order to 
procure and maintain accessible systems. On the other hand the developers need an over all 
awareness to inform the integration of accessibility into the Web development process as well as 
determination of design implications on actual users with disabilities. In order to address common 
accessibility problems such as inappropriate alternative text on Web sites, developers need to start 
considering accessibility early in the development process -that is in the context of what is to be 
done and who will be participating (Baguma et al., 2009). For this to happen, developers need an 
overall understanding of accessibility issues and implications of compliance. As noted by Asakawa 
(2005), some developers only focus on complying with the guidelines and regulations without 
understanding the needs underlying Web accessibility. As a result they produce allegedly compliant 
Web sites that are neither accessible nor usable. Mline and colleagues (2005) advised that following 
guidelines to improve accessibility is an important step which must be taken with an overall 
awareness of the design implications for the different design decisions. In addition, accessibility 
guidelines are meant to offer guidance on accessibility but are not exhaustive/single point references. 
Hence understanding the guidelines enables the developers to consult more references for more 
guidance or come up with their own solutions in the context of a given problem.
77
The techniques sub context provides developers with practical guidance and illustrative examples on 
how to develop accessible Web based systems.
5.2.4 Structure of the document Context
Other than the three main contexts, the framework includes a fourth context- that is structure which 
organises and presents the guidelines according to the logical structure in which content is presented. 
It has three sub contexts namely: preliminary which keeps preliminary content such as abstract and 
table of contents ‘hidden’ and only displays it when needed, guideline which filters the guidelines on 
a per guideline basis and other information which filters appendices, references and 
acknowledgement.
The structure context of use improves usability of the accessibility guidelines in that instead of 
having peripheral content such as table of contents, abstract, references and acknowledgement 
displayed with the main guidelines content, this information can be displayed only when it is needed. 
The guideline sub view makes it easy to refer to specific guidelines while using the guidelines.
Next we present the conceptual organisation of the framework for filtering Web accessibility 
guidelines in figure 12.
Whole guidelines document view
Structure view
C T 1
Level of use view Web page component view Type of disability view
Visual 
sub view
Other sub 
view
Guideline 
sub view
t a
Cognitive 
sub view
Hearing 
sub view
Physical 
sub view
Figure 12 A Conceptual Organisation of the Framework for Filtering Accessibility Guidelines
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Figure 12 shows the conceptual organisation of the framework for filtering accessibility guidelines 
with four contexts of use described in section 5.2. The contexts of use are represented as views 
namely: structure view, level of use view, Web page component view and type of disability view. 
Each of the contexts of use have sub contexts represented as sub views. Figure 12 also shows that 
views can be combined such as techniques for navigation accessibility as shown in the rectangle with 
dotted borders. In the next section, we describe properties of the framework for filtering accessibility 
guidelines.
5.3 Properties of the Framework for Filtering Accessibility Guidelines
1. You can filter content according to one or a combination of contexts of use (user views) up to an 
infinite combination. This can be defined as follows:
Let V be the set of all views.
V= {V1, V2, V3, ...Vn} -  a set of all the views (contexts of use).
V 1= {v11, v12, v13, ... } -  elements of set V1 -  being options for the view V1 
V2= {v21, v22, v23, . } -  elements of set V2
Vn={vn1, vn2, vn3, ... } -  elements of set Vn
2. If the original document is D and there is a filter function f(v) then the version of the document 
delivered to the user (U) is:
U=D.f (v1).f (v2).f (v3)... f  (vn)
This expression means that the version of the document delivered to the user is a product of the 
filtration of all intermediate filtration results obtained from applying the preferred user views.
Note: One of the choices is always "view all" with the meaning that if this choice is made (and it is 
set as the default) then this view/context does not contribute to the filtering. D.f(‘all’)=D
The order of filtration does not matter so D.f(v0 .f(v2).f(v3) .. .f(vn)= D.f(vn).. .f(v0 .f(v2).f(v3)
The two properties can also be presented in Pseudo code as follows:
1. Using the preferred user view(s), filter the content to display the content desired by the user (U)
2. If there is more than one view desired by the user,
a. Select the first view (v1) and output desired content (u1)
b. If another view (v2) is selected, filter content result u1 to output desired content u2
c. Repeat step b for all the views of interest
Else output desired content u1 as the final content desired by the user U.
In the next section, we present the prototype that was developed to implement the framework for 
filtering accessibility guidelines.
5.4 A Prototype for the Framework
A prototype that implements the framework was developed using the WCAG 1.0 guidelines. We 
chose to test the framework on WCAG 1.0 because until 11th December 2008, WCAG 1.0 was still
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the stable and referenceable version of WCAG as was stated on the WCAG 2.0 overview page by
20th November 2008.
The basic concepts of the prototype include:
• A multi user document contains information with varying levels of relevance to users with 
various roles, responsibilities, interests and skills
• The Web author should define levels of relevance for the different units of content for various 
groups of users
• The user should be made aware of the predefined levels of relevance (contexts of use) in a quick 
access menu
• When the user chooses the context of use of preference, only content relevant to the chosen 
context should be displayed
• The prototype allows the user to make a selection in every context, but the default selection in 
each context is set to "view all" which provides an identity filter (no change). Thus the user can 
make (non-default) choices in any combination of contexts
• The system is designed as a proxy service, modifying pages as they are requested and 
transforming them according to the user’s preferred context(s) of use
The architecture of the prototype consists of the following elements;
• User views (contexts of use) which are the multi-dimensional viewing opportunities based on the 
contexts of use
• A filtration engine that filters the entire document to obtain refined content based on users’ 
chosen contexts of use. The filtration engine uses cascading style sheets (CSS) to create options 
for the four contexts of use (user views). For each context, there is a set of alternative style sheets 
which specify that the system should only display content relevant to that option and block the 
rest whenever this sheet is selected. The ‘undesired’ content is blocked from display using the 
CSS facility ‘display: none’, a technique also used by Stone, Dhiensa and Machin (2006) for 
profile based Web document delivery. Stone, Dhiensa and Machin (2006) advise that although 
the filter could physically remove content so that it is not available to the browser, it is useful to 
have the browser merely conceal content via the display: none technique. This allows the ability 
to build a quick navigation facility into the foot of every page using javascript. The relevant 
context of use can be instantly switched using any of the options via the predefined context 
option links.
• In addition a "plug and play" style sheet switcher is used to dynamically link style sheet 
information with the display process of the documents. This is what makes it possible for users to 
switch between alternative viewing options. Originally developed for dynamic varying of the 
user interface of Web sites, we use the style sheet switcher for dynamic varying of displayed 
content depending on users’ context of use.
• The markup of the original document is extended with content filtration/focused retrieval 
markup. The content filtration mark up defines the context (s) of use each piece of information in 
the document is relevant to
• The filtered document that displays the content desired by the user after selecting a preferred 
context of use.
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Next we present an illustration of the architecture of the prototype in figure 13.
Markup of the original 
document 
+
Content filtration markup
Filtration engine based on CSS 
and the style sheet switcher
Figure 13 The Architecture of the Prototype
Figure 13 shows the architecture of the prototype with four components namely; user views, 
filtration engine, mark up of the original document + content filtration markup and the filtered 
document. To filter a document, a user chooses user view(s) based on which the filtration engine 
filters the entire document and returns a filtered sub set of the document.
To implement the prototype, the source code of WCAG 1.0 guidelines Web site was extracted and 
extended with content filtration attributes. Every option in each context of use is given a name. If 
content is to be viewable in that context then it must be styled as such by using the class attribute of 
XHTML elements. For instance suppose we have contexts C & D with options c1,c2,c3 and d1,d2 
and suppose that options c2 and d1 are appropriate for a certain section
<div class = 'xx’>add content filtration attributes for c2 and d1</div> will become <div class = 'xx c2 
d1>this content is relevant to views c2 and d1</div>.
In this case, the div element has been extended with content filtration attributes that is c2,d1 to define 
content under it to be relevant to c2 and d1 views. C2 and d1 are linked to CSS style sheet files that 
specify that the system should display content relevant to that context. In the case of a combination 
of contexts, the final document delivered to the user will be a product of the filtration of all 
intermediate filtration results obtained from applying all the preferred user views. Therefore in our 
example the version of the document delivered to the user (U) will be U=D.f(c2).f(d1)
At the user end, there is a frameset interface with 3 horizontal frames. The top (banner) and the 
bottom (navigation- Quick Access Menu-QAM) frames are very thin leaving the middle frame as
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large as possible to display the guidelines. The navigation frame offers a four-dimensional viewing 
opportunity based on the four contexts of use discussed in section 5.2. Thus the user may select 
"techniques" (rather than "understanding") from the "level of use" context of use/menu. Each menu 
choice causes a small client-side script to run which dynamically selects a suitable style sheet to filter 
the display in the large viewing frame. A choice in one context may be combined with choices in 
other contexts. So for example the "techniques" choice could be combined with "visual" (rather than 
"hearing", "physical" or "cognitive") from the "disability" menu to give a display of techniques for 
visual impairment. As earlier mentioned, for each context of use the default selection is set to "view 
all" which causes no change that is no filtration.
The filtration framework has a more optimal design for the static guidelines document compared to 
the database driven design used by some accessibility guidelines like the Irish IT accessibility 
guidelines (Donelly and Maggenis, 2003). Content filtering using CSS is much lighter and easier to 
implement than a database driven approach. Besides with the CSS approach, it is easier to switch 
between the full content view to customised views suiting different audience roles. This is possible 
because of the unified interface. Figure 14 shows a screen shot of the prototype and figure 15 shows 
a screen shot of only the navigation menu. More screen shots are given in appendix 6 .
Figure 14 A screen shot of the prototype showing techniques as the context of use
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Figure 15 A screen shot of only the navigation menu showing the default selection (all) for all views
The screen shot of the prototype shows two small frames (a top banner and a bottom navigation 
menu) and a large middle frame for displaying the guidelines. When a user chooses view(s) of 
interest, the content in the large frame changes and displays only the content relevant to the chosen 
view(s). The default opening view of the guidelines is the original document with all its formatting 
as provided by the original authors. The result of making choices on the navigation menu is to hide 
portions that the user does not currently wish to see.
Note: Unlike other contexts of use which have one level of menu items, the structure context has two 
levels. The first level groups the structure of the document into three parts i.e. preliminary section, 
guidelines section and other section for the other material such as glossary, references and 
appendices. The second level displays options for the contents of the first level. The next chapter 
presents the evaluation of the framework.
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CHAPTER SIX EVALUATION OF THE FRAMEWORK FOR FILTERING 
ACCESSIBILITY GUIDELINES 
Summary
The contribution of this chapter is to demonstrate if the proposed framework makes it easier to find 
required advice compared to the WCAG guidelines both in terms of time taken to retrieve required 
advice and the accuracy of obtained advice. This is based on the prototype that was developed to 
implement the framework. The chapter discusses the methodology used to evaluate the design of the 
prototype early in the development process as well as evaluation of the implementation on 
representatives of users of Web accessibility guidelines. It then presents the results obtained and 
discusses our interpretation of the results.
6.1 Introduction
The purpose of the evaluation was to test whether the user interface of the framework was easier to 
use to find required advice compared to that of the WCAG 1.0 guidelines. According to Joty and Al- 
Hasan (2007), the effectiveness of end user interfaces depends solely on how the design is focused to 
meet user demands in a quick response time. The baseline for measuring performance of content 
filtration/focused retrieval systems is speed which measures how fast the system responds to user 
tasks and accuracy which measures the relevance of retrieved information (Sigurbjornsson, 2006, 
Joty & Al-Hasan, 2007). For Web accessibility guidelines, two of the key aspects that determine 
whether they can be used efficiently and effectively are whether the organisation and presentation 
allows discovery of required advice and whether the interface to the guidelines is usable (Colwell 
and Petrie, 1999). To test whether the framework interface allows easier discovery of required advice 
compared to that of WCAG, we evaluated the design early in the development process as well as the 
prototype that was developed to implement the framework (description of the prototype given in 
section 5.4). The evaluation of the design was carried out by the researcher without direct 
involvement of users while that of the implementation was performed on end users of accessibility 
guidelines. The next section discusses how the evaluation of the design was carried out and the 
results obtained.
6.2 Evaluation of the Design
The aim of evaluating the design of the framework was to check and correct any potential usability 
flaws early in the development process to avoid expensive mistakes. There are various design 
evaluation techniques but for this research, we used the cognitive walk through method, a simple and 
straight forward design evaluation technique (Dix et al., 2004). The cognitive walkthrough technique 
pays special attention to how well the interface supports exploratory learning i.e. first time use 
without formal training. Its purpose is to find out how easy a system is to learn. Its use does not 
involve users but rather the designer or human factors expert assessing the impact of the design on a 
typical user. In this case the researcher being the one who designed the framework carried out the 
evaluation. Details about what the cognitive walkthough technique is and how it is generally used are 
given in section 1.4.2.The following section describes how the cognitive walkthrough technique was 
used in the evaluation of the design of the framework for filtering accessibility guidelines.
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6.2.1 Evaluation of the Design using the Cognitive Walkthrough Technique
The cognitive walkthrough technique originated from the code walkthrough methodology well 
known in software engineering (Dix et al., 2004). Walkthroughs require a detailed review of a 
sequence of actions to check for certain characteristics such as non violation of system wide variants. 
In the cognitive walkthrough, the sequence of actions refer to the steps that a user interface will 
require a user to perform in order to accomplish a task. The evaluators step through the sequence of 
actions to check for potential usability problems that are then documented for correction before 
proceeding with the development. The remaining part of this section describes how the cognitive 
walkthrough technique was used to evaluate the design of the framework for filtering accessibility 
guidelines.
As recommended by Dix et al., (2004), we first identified two representative tasks with varying 
complexity in terms of the steps involved in performing the tasks. The two tasks were:
To identify Web design considerations for making the navigation o f  a Web site accessible and 
To identify Web design considerations fo r making the content o f a Web site accessible to users with 
cognitive disabilities.
The first task required interacting with one user menu (Webpage component) and the second one 
required interacting with two menus (Webpage component and type of disability). After identifying 
representative tasks, we specified the action sequences for each task in terms of user actions and the 
system’s response as presented in table 6
Table 6 Action sequences and system response to user actions for representative tasks
Task User Actions System Response
Task 1. Identify Web design 
considerations for making navigation 
of a Web site accessible
l.Open the Webpage 
component menu
The menu for the Webpage 
component displays
2.Choose navigation sub 
menu
Content displayed changes and 
displays only the guidelines for 
navigation accessibility
Task 2. Identify Web design 
considerations for making content of 
a Web site accessible to users with 
cognitive disabilities
l.Open the Webpage 
component menu
The menu for the Webpage 
component menu displays
2.Choose content sub menu Content displayed changes and 
displays only the guidelines for 
content accessibility
3.Open type of disability 
menu
The menu for the type of disability 
menu displays
4.Choose cognitive sub 
menu
Content displayed changes and 
displays only the guidelines for 
content accessibility for people 
with cognitive disabilities
85
Figure 16 is a screen shot showing the system response for task one
Ç ?  X  (  Q  j file i//K i/R ehem a/2Q 06-2007 /Q b ].3 /W C A G /P fo to type for WCAG 1.0  Vlewer/wcag v iew e r.! ^  '  | i O *  i~
A viewer for WCAG 1.0 (with navigation assistance) by Baguma, R. et al.
• For image maps, either use the "alt" attribute with AREA, or use the MAP element with A elements (and other text) as con 
Refer also to checkpoint 9.1 and checkpoint 13.10
Techniques for checkpoint 11
12. Provide redundant text links for each active region of a server-side image map. [Priority 1]
Refer also to checkpoint 1.5 and checkpoints 1.
Techniques for checkpoint 1 2
13 Until user agents can automatically read aloud the text equivalent of a visual track, provide an auditory description of the Important 
track of a multimedia presentation [Priority 1]
Synchronize the M d ito rv  description with the audio track as per checkpoint 14. Refer to checkpoint 11 for Information about te 
information.
Techniques for checkpoint 1.3
14  For anytime-based multimedia presentation (e.g., a movie or animation), synchronize equivalent alternatives (e.g., captions or au 
visual track) with the presentation. [Priority 1]
Techniques for checkpoint 1.4
15  Until useracisrits render text equivalents for client-side image map links, provide redundant text links for each active region of a cli 
[Priority 3]
Refer also to checkpoint 1.2 and checkpoints 1_
Techniqussfor checkpoint 1.5
Guideline 2. Don't rely on color alone.
Ensure that text and graphics are understandable when viewed without color.
If color alone is used to convey Information, people who cannot differentiate between certain colors and users with devices that have non-c 
receive the information. When foreground and background colors are too close to the same hue. they may not provide sufficient contrastw 
displays or by people with different types of color deficits.
Q A M : Level of Use: Type of Disability; W ehPage Component
Figure 16 A screen shot showing the system response for task one.
Once the action list and system responses were determined, we assessed the actions and 
corresponding system responses to check for potential usability problems as follows:
For each action, we answered four questions recommended by Dix et al., (2004) and recorded an 
account about the usability of the system based on the two tasks.
The questions answered for each action were:
• Will users be trying to produce what ever effect the action has?
• Will users notice that the correct action is available e.g. a menu item?
• Once users find the correct action at the interface, will they know it is the right one for what they 
want to achieve?
• After the action is taken, will users understand the feedback got to determine whether they have 
accomplished their goals?
Section 6.2.3 presents the results obtained from the evaluation of the design using the cognitive 
walkthrough and their interpretation.
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6.2.2 Results of the Evaluation of the design using the Cognitive Walkthrough Technique
The results from the cognitive walkthrough process were a usability account of the user actions on 
tasks one and two. Table 7 shows the usability account for action one of task 1 and action two of task
2. A full account for all the actions for both tasks is included in the appendix as appendix 1.
Table 7 A usability account of the evaluation of the design of the framework for action one of task 1
and action two of task 2
User Action Question Answer
Task 1
One: Open the 
Webpage component 
menu
Qn-1 Will users be trying to 
produce what ever effect the 
action has?
Yes. A user familiar with Web development 
is expected to relate navigation to Webpage 
component. However there is a possibility
for some users to associate Webpage
component with the individual pieces o f
objects on a Webpage e.g. images, text, file
downloads instead o f a categorisation o f  the 
objects.
Qn-2 Will users be able to 
notice that the correct action 
is available e.g. a menu item?
Yes. The Web page component item is 
available and visible on the navigation menu.
Qn-3 Once users find the 
correct action on the 
interface, will they know that 
it is the right one for what 
they are trying to achieve?
Yes. It is expected that a user familiar with 
Web development would expect in this 
situation to find navigation under Web page 
component.
Qn-4 After the action is 
taken, will users understand 
the feedback they get in 
order to determine if they 
have accomplished their 
goals?
Yes. The menu of the Web page component 
displays for the user to choose the menu item 
of interest.
Task 2
Two: Open the Web 
page component 
menu
Qn-1 Will users be trying to 
produce what ever effect the 
action has?
Yes. A user familiar with Web development 
is expected to associate content with Web 
page component. However it is also possible 
for some users to associate the Web page
component with the individual pieces o f
objects on a Web page e.g. images, text etc
instead o f a categorisation o f  the objects.
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Qn-2 Will users be able to 
notice that the correct action 
is available e.g. a menu item?
Yes. The Web page component item is 
available and visible on the navigation menu.
Qn-3 Once users find the 
correct action on the 
interface, will they know that 
it is the right one for what 
they are trying to achieve?
Yes. It is expected that a user familiar with 
Web development will expect in this 
situation to find navigation under Webpage 
component.
Qn-4 After the action is 
taken, will users understand 
the feedback they get in 
order to determine if they 
have accomplished their 
goals?
Yes. The menu of the Web page component 
displays for the user to choose the menu item 
of interest.
Note: The answers are recorded in the tone of the response of the evaluator
The usability account obtained from the cognitive walkthroughs on action sequences of task 1 and 
task 2 identified one potential usability problem which is underlined in the table. That is the 
possibility for users to confuse Web page components with individual pieces of objects on a Web 
page such as images, file downloads, etc. instead of a categorisation of the objects. To verify this 
fear, the researcher asked a colleague at work involved in Web development what he would 
understand if some one told him Web page components and his reply was that he would relate it to 
information elements on a Web page, a similar perception to what the cognitive results ‘suspected’. 
Therefore a solution to this potential usability problem had to be found so that users would perceive 
Web page components as categorisation of the objects on a Web page rather than the individual 
objects themselves in the user interface of the framework. Hence a help file called “about the 
viewer” was added on the navigation menu, explaining each menu item, its goal and sub menu items 
under it.
In the next section we discuss the evaluation of the implementation of the framework.
6.3 Evaluation of the implementation of the prototype for the Framework
6.3.1 Introduction
Evaluation of the implementation of the framework focused on testing with representatives of the 
users of Web accessibility guidelines. By this time there was a prototype system that had been 
developed to instantiate the framework. The aim of evaluating the implementation of the framework 
was to test whether its interface was easier to use to find required advice compared to the WCAG 
interface. Unlike the evaluation of the design, the evaluation of the implementation involved 
representatives of actual users of Web accessibility guidelines i.e. Web developers and IT managers.
The participants included Web developers (20 from Uganda) and, 10 foreign (reached by online 
means) and 10 IT managers (also from Uganda). The local developers from Uganda represented 
users without prior knowledge and experience with Web accessibility and Web accessibility 
guidelines where as their foreign counter parts represented those with prior knowledge and 
experience on these aspects. The IT managers represented the non technical users of the guidelines
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whose interest is mainly an understanding of the over view of the requirements/principles and how to 
tender/ procure and evaluate accessible Web based systems.
The sample size was considered representative based on recommendations in literature such as 
Nilesen (2000), Huxman (2000), Turner, Lewis & Nielsen (2006) and Nielsen (2006). Nilesen, 
(2000) and Turner, Lewis and Nielsen (2006) noted that observing four or five participants allows 
practitioners to discover 80% of a system’s usability problems. Moreover for usability studies 
involving multiple groups of disparate users, Nielsen (2000) recommended 3-4 users from each 
category if testing two groups of users and 3 users from each category if testing three or more 
groups. Nielsen argued that the overlay between observations will ensure a better outcome from 
testing a smaller number of people in each group. Based on these recommendations, we considered 
testing the usability of the framework with 40 representatives of users (30 developers and 10 IT 
managers) to offer a tight confidence interval.
The hypothesis tested was that the framework guidelines are easier to use to find required advice 
compared to WCAG 1.0 guidelines.
The independent variables were the user interfaces of the framework and the WCAG1.0 guidelines.
The dependent variables were user rating of time taken to find required advice and accuracy of the 
obtained advice. The user rating of time taken was assessed using a four point scale namely: very 
fast, fast, slow and too slow. On the other hand the accuracy of obtained advice was evaluated by 
checking the advice documented by participants to determine how many obtained correct advice 
using either interface.
The experimental method used was a modified within groups’ method in which each participant 
performed tasks on both the treatment (framework interface) and the control (WCAG 1.0 interface) 
conditions. The within groups method was modified in the evaluation experiment in that evaluation 
with foreign developers was not conducted in a controlled laboratory setting as is the case with ‘full’ 
within groups experiments. In order to avoid transfer of learning from tasks performed on each 
condition, the tasks for each condition though testing similar aspects were varied e.g. one task on the 
framework interface asked participants to find advice for visual disability while an associated task 
for the WCAG 1.0 interface asked participants to find advice for hearing disability.
Evaluation sessions: The evaluation with local Web developers was conducted on 17th December 
2008, that with local IT managers was held on 22nd December 2008 and the one with foreign Web 
developers was carried out during the week of 10th to 22nd May 2009. The sessions with local 
developers and IT managers were carried out in a face to face meeting in the Software Incubation 
Lab of Makerere University, while testing with foreign Web developers was conducted online using 
a self administered questionnaire (task sheet). The questionnaires used for the three sessions are 
attached in appendix 4. The following section explains how the evaluation was carried out with local 
Web Developers.
6.3.2 Evaluation of the implementation of framework with Local Web Developers
The evaluation with local Web developers involved 20 Web developers in Uganda, 15 of which were 
working with the software incubation unit of Makerere University, Faculty of Computing and 
Information Technology. The other 5 were from the industry. All the 20 participants had experience 
creating Web pages ranging from a few personal pages to larger Web sites and Web applications. In 
the experiment, participants were comparing the interface of the framework and that of the ‘raw’ 
WCAG 1.0 guidelines. Prior to the experiment they were sent background information about Web
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accessibility, usability, Web accessibility guidelines and the WCAG guidelines. On the day of the 
evaluation, participants were also given 15 minutes to go over the two systems in order to familiarize 
themselves before the beginning of the evaluation exercise. In addition an oral brief about Web 
accessibility, usability, Web accessibility guidelines and WCAG was given before the evaluation 
exercise. The background information to this group was important given that none of them was 
familiar with Web accessibility, WCAG and developing accessible Web based systems.
After the oral brief participants were given a questionnaire with interactive tasks to perform using the 
framework interface as well as the WCAG 1.0 interface. The tasks required them to identify and 
document advice from the specified interface (framework or WCAG 1.0) for adapting their Web 
pages to address issues diagnosed (specified in the tasks) on their Web sites. The tasks were in two 
pairs, each pair with two tasks one for the framework and the other for the WCAG 1.0 interface. But 
each pair of tasks tested similar aspects. The tasks covered finding advice on accessibility for people 
with; visual disabilities, hearing disabilities, making navigation accessible to people with cognitive 
disabilities and making user interface accessible to people with motor disabilities. The task 
descriptions gave typical scenarios in which developers might need to use the guidelines. For 
example, task 1(a) asked:
“You have been told that your company Web site is inaccessible to people with visual disabilities use 
‘the framework interface to find  and document extra development work required to make the Web 
site accessible”.
And task 2 (b) asked:
“Results o f  the recent user satisfaction survey indicate that people who have motor disabilities e.g. 
hand movement problems have difficulties with the user interface o f  your company Web site. Use 
WCAG 1.0 interface to identify and document Web design considerations for making your Web site’s 
user interface accessible to people with motor disabilities”.
For each task, participants were asked to rate the time spent to complete it on a scale of 4 points 
(very fast, fast, slow, and very slow). The purpose of this question was to find out user rating of the 
time taken to complete tasks -that is if they found it very fast, just fast, slow or too slow. In addition, 
the obtained and documented advice for each task was checked to determine how many obtained 
correct advice using either interface. Besides the task based questions, the second part of the 
questionnaire required participants to document their experience from performing tasks on both 
interfaces. In this section, participants documented if the guidelines were easy or difficult to navigate 
and why, what they liked/did not like about each interface and any other comments. The purpose of 
this section was to elicit more feedback from participants about the usability of the framework versus 
the WCAG 1.0 interface based on the interaction had during the evaluation. The background colour 
of the framework interface was deliberately changed to pale yellow to differentiate it from that of 
WCAG 1.0 guidelines which is white. All sessions were observed and follow up interviews held with 
each participant to gauge reactions and opinions. The questionnaire used with local Web developers 
is attached in the appendix as appendix 4 a.
6.3.3 Evaluation of the Implementation of the framework with Foreign Web Developers
The evaluation with foreign Web developers was conducted online since it was not possible to reach 
them physically. Participants were members of the Web accessibility in mind (WAIM) mailing list.
A task sheet/questionnaire was sent to the mailing list on 10th May 2009 and feedback was expected 
between then and 22nd May 2009. The questionnaire was targeting Web developers with knowledge 
and experience about WCAG and developing accessible Web based systems. It specified tasks to 
perform using the framework as well as the WCAG 1.0 interface. The tasks required participants to 
identify and document advice from the specified interface for addressing a given accessibility need 
(specified in the tasks). The accessibility needs covered in the questionnaire were the same as those
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covered for local Web developers but with less detail given that this group was familiar with Web 
accessibility and WCAG. In addition, brevity was important for this group given that unlike the local 
participants, there was no physical meeting with designated time to perform the tasks and fill the 
questionnaire. Hence the lesser the time requirements, the more likely participants would ‘fix’ it in 
their schedules. But the task descriptions covered the same accessibility needs as those in the 
questionnaire for local developers.
E.g. one of the tasks was:
“Use the framework interface to find  and document three web design considerations that can 
contribute to making a Web site accessible to people with visual disabilities”.
Like for the local Web developers, participants were asked to rate the time taken to complete each 
task and to document advice obtained. In addition instead of using the same task for each interface, 
different tasks were given but each pair tested the same aspect. By the time of testing with foreign 
Web developers, the distinguishing feature for the framework interface had been changed to a purple 
banner at the top and a navigation menu at the bottom. Besides the task based questions, foreign 
developers were also required to document their experience from using both interfaces which 
covered similar issues as those covered for Local developers.
6.3.4 Evaluation of the Implementation of the framework with Local IT Managers
The usability of the framework interface in comparison to that of WCAG 1.0 guidelines was also 
investigated with 10 IT managers as one of the key audiences of Web accessibility guidelines. All 
the 10 participants had experience of supervising/ hiring consultants to develop Web based systems 
ranging from small to large Web based systems. Like local Web developers, participating IT 
managers were not familiar with WCAG and Web accessibility hence they were sent background 
information prior to the experiment. The participants were given tasks to perform on the two 
conditions and to document their experience and comments. The tasks required participants to find 
advice for meeting their project needs (specified in the tasks) using either interface. The issues 
covered were: an outline of Web design considerations that the redesign of a company Web site 
should meet to be accessible to Web users with visual disabilities and points to include in a request 
for proposal for designing a Web site that is accessible to people with hearing disabilities. For each 
task, participants were also asked to rate the time taken to complete it and document the advice 
obtained and their experience from using both interfaces. Like for local developers, all sessions were 
observed and follow up interviews held with each participant to gauge reactions and opinions. The 
next section presents results obtained from the evaluation of the implementation of the framework.
6.4 Results from the Evaluation of the Implementation of the Framework
6.4.1 Local Web developers
Rating of time taken to complete tasks: Each interface had 2 tasks and for each, participants were 
asked to rate the time spent to complete it on a scale of 4 points (very fast, fast, slow, very slow). The 
purpose of this question was to compare the time taken to obtain required advice between the 
framework and WCAG 1.0 interfaces. Table 8 presents the results obtained.
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Table 8 Rating of time taken to complete tasks by Local Web Developers
Interface Tasks Rating of Completion Time
A B C D
Framework Task 1 (a): You have been told that your company Web site is not 
accessible to people with visual disabilities. Use the framework interface 
(pale yellow background) to find out what extra development work is 
required to make the Web site accessible and document the advice 
obtained.
6 7 7 0
WCAG 1.0 Task 1 (b): You have been told that the audio clips on your company Web 
site are not accessible to people with hearing disabilities. Use the WCAG 
1.0 interface (white background) to find out what extra development 
work is required to make the Web site accessible and document the advice 
obtained.
5 3 9 3
Framework Task 2 (a): You have received complaints that people with cognitive 
disabilities cannot navigate your company Web site. Use the framework 
interface (pale yellow background) to identify Web design 
considerations for making navigation accessible to people with cognitive 
disabilities and document the advice obtained.
8 8 3 0
WCAG 1.0 Task 2 (b): Results of the recent user survey indicate that people who 
have motor disabilities e.g. hand movement problems have difficulties 
with the user interface of your company Web site. Use WCAG 1.0 
interface (white background) to identify Web design considerations for 
making your Web site’s user interface accessible to people with motor 
disabilities and document the advice obtained.
0 0 0 20
Key: A-Very fast; B-Fast; C-Slow; D-Very slow
As shown in table 8, local Web developers rated the time taken to complete tasks on the framework 
interface as having been faster compared to the tasks on the WCAG 1.0 interface. For task 1 (a), 13/20 
completed it at a very fast and fa st rates combined. For task 2 (a), 16/20 completed it at a very fast and 
fa st rates also combined. For the tasks on WCAG, only 8/20 completed task 1 (b) at a very fast and 
fa st rates combined while for task 2 (b), all the 20 participants completed it at a very slow rate.
Table 9 shows a summary comparison of local developers’ rating of time taken to complete tasks 
between the two interfaces.
Table 9 Comparison of Local Developer’s rating of time spent to complete tasks
Task pair one (task 1 (a) 
and (b)
Task pair two (task 2 (a) 
and (b)
%age (pair one) %age (pair two)
Rating of 
Time
Framework WCAG 1.0 Framework WCAG 1.0 FR WCAG FR WCAG
Very fast 6 5 9 0 30% 25% 45% 0%
Fast 7 3 9 0 35% 15% 45% 0%
Slow 7 9 2 0 35% 45% 10% 0%
Very Slow 0 3 0 20 0% 15% 0% 100%
W hether the difference between time rating for completion of tasks is significant: To test if 
there was a significant difference between the rating of time spent on tasks on the framework and 
WCAG 1.0 interfaces, the paired samples T-Test, a statistical test was used. The paired samples T- 
Test compares the means of two variables to establish if there is a significant difference between the 
two and if the average difference is significantly different (Archambault, 2000). The level of
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significance is determined by comparing the significance value obtained from the test with 0.05, a 
standard value used in this test. If the significance value is less than 0.05, then there is a significant 
difference between the two variables otherwise there is not. In this research, the variables under 
consideration were the framework and WCAG 1.0 interfaces. The values under each variable were 
the means of the rating of time spent on the tasks by participants. Details about the paired samples 
T-Test and how it is generally used are given in section 1.3.
As recommended by Archambault (2000), before carrying out the paired samples T-Test, the normal 
quantile plot (Q-Q plot) with the aid of SPSS statistical package was used to verify if the variables 
were normally distributed. In addition the null (H0) and alternate (H1) hypothesis were formulated. 
H0 was that: there is no significant difference between the means of the framework and WCAG 
interfaces and H1 was that: there is a significant difference between the means of the two interfaces. 
Table 10 presents the results obtained for both task pair one (1a and 1b) and two (2a and 2b).
Table 10 If the difference in rating of time for completion of tasks for task pair one and two was
significant
Interface Mean Std deviation Std error mean T-Value Significance
Task pair one
Framework 2.05 0.83 0.18
WCAG 2.50 1.05 0.24
Framework-WCAG -0.45 0.51 0.11 -3.943 0.001
Task pair two
Framework 1.65 0.15
WCAG 4 0.67 0.0
Framework-WCAG -3.5 0.0 -15.7 0.00
As shown in table 10, the significance value between the means of the tasks on the framework and 
WCAG 1.0 interfaces is 0.001 for task pair one and 0.00 for task pair two which are all less than
0.05. Hence there is a significant difference between local developers’ rating of time spent to 
complete tasks on the framework compared to the WCAG 1.0 interface. Therefore our null 
hypothesis was not true and instead our alternate was.
Rate of obtaining correct advice: Other than the time rating for completing tasks, each condition 
was also assessed on the rate of obtaining correct advice. This was achieved by checking whether the 
accessibility advice documented for each task per participant was correct or not. The results obtained 
are presented in table 11.
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Table 11 Rate of obtaining correct advice by Local Web developers
Interface Task Rate
Obtained correct advice Obtained wrong 
advice
Framework Task 1: You have been told that your company Web site is 
not accessible to people with visual disabilities. Use the 
framework guidelines ( pale yellow background) to find 
out what extra development work is required to make the Web 
site accessible and document the advice obtained
15 5
WCAG 1.0 Task 2: You have been told that the audio clips on your 
company Web site are not accessible to people with hearning 
disabilities. Use the ‘WCAG 1.0 guidelines (white 
background) to find out what extra development work is 
required to make the Web site accessible and document the 
advice obtained.
5 15
Framework Task 3: You have received complaints that people with 
cognitive disabilities cannot navigate your company Web 
site. Use the framework guidelines (pale yellow 
background) to identify Web design considerations for 
making navigation accessible to people with cognitive 
disabilities and document how you got the advice and 
document the advice obtained
14 6
WCAG 1.0 Task 4: Results of the recent user survey indicate that people 
who have motor disabilities e.g. hand movement problems 
have difficulties with the user interface of your company Web 
site. Use WCAG 1.0 guidelines (white background) to 
identify Web design considerations for making your Web 
site’s user interface accessible to people with motor 
disabilities and document the advice obtained
0 20
As shown in table 11 most participants obtained correct advice on the tasks on the framework 
interface compared to the tasks on the WCAG 1.0 interface. Out of 20 participants, 15/2o and 19/2o 
got correct advice from task 1 (a) and 2 (a) respectively. On the other hand, only 5/20 obtained correct 
advice from task 1 (b) while all the participants failed to obtain correct advice from task 2 (b). Table
12 shows a summary of the comparison of the rate of obtaining correct advice between the 
framework and WCAG 1.0 interfaces.
Table 12 Comparison of the rate of obtaining correct advice by Local Web Developers
Task pair one (1 a and 1b) Task pair two (12a and 2 b) %age pair one %age pair two
Rate Framework WCAG 1.0 Framework WCAG 1.0 FR WCAG FR WCAG
Correct 15 5 14 0 73% 25% 70% 0
Wrong 5 15 6 20 27% 75% 30% 100%
W hether the difference between the rate of obtaining correct advice is significant: We also 
tested if there was a significant difference between the rate of obtaining correct advice by the local 
Web developers for the framework and WCAG 1.0 interfaces using the paired samples T-Test. Table
13 shows the results obtained.
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Table 13 If the difference between the rate of obtaining correct advice is significant
Interface Mean Std deviation Std error mean T-Value Significance
Task pair one
Framework 1.25 0.44 9.93
WCAG 1.75 0.44 9.93
F ramework-W C AG -0.50 -0.51 0.11 -4.359 0.000
Task pair two
Framework 1.3 0.47 0.11
WCAG 2.0 0.0 0.0
F ramework-W C AG -0.7 -6.7 0.000
Table 13 shows that the significance value between the means of the framework and WCAG 1.0 
interfaces about the rate of obtaining correct advice for both task pair one and two is 0 .000 . 
Therefore there is also a significant difference between the rate of obtaining correct advice from the 
framework interface compared to WCAG 1.0 interface.
User experience with each set of guidelines by Local Web developers:
The feedback obtained was as follows:
• The framework interface was found easier to navigate hence straightforward to use to find 
required advice. One of the participants remarked that, "grouping the guidelines into those that 
apply to content, navigation, etc, is useful because any one focusing on any o f  these aspects will 
be able to find  required advice quickly”. In addition participants noted that the structure of the 
framework interface allowed one to control the amount of information displayed at a given time.
• The WCAG 1.0 interface was found difficult to navigate hence harder to use to find required 
advice. Participants noted that the WCAG interface did not allow them to control the amount of 
information displayed at a given time.
• General Comments: The local developers made general comments about how WCAG can be 
improved from the developers’ perspective namely; add a search feature and illustrations and 
provide guidance on users who are illiterate. Additionally they noted that it was good to know 
that there are such guidelines one can use for wider usability but a law should be put in place to 
enforce their implementation in countries like Uganda.
From the feedback given about the user experience, local Web developers preferred the framework 
interface mainly due to the context based navigation menu compared to the WCAG 1.0 interface 
where they had to go through the whole document to get the advice needed. The developers also 
identified other issues beyond the scope of our research that need attention to further improve 
WCAG guidelines namely: a search option and illustrations. These can be addressed by WAI and or 
other researchers.
6.4.2 Foreign Web developers
Rating of time taken to complete tasks: Foreign developers also rated the time spent to complete 
tasks under each interface on a scale of 4 points. The purpose of this question was to compare user
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rating of time spent to obtain required advice from each interface by the foreign developers and 
further compare the results obtained with those of local developers. Table 14 shows the results 
obtained.
Table 14 Rating of time spent to complete tasks by Foreign Developers
Interface Task Rating of Completion Time
A B C D
Framework Task 1 (a): Use the framework interface (with a purple top 
banner-http://co-
proiect.lboro.ac.uk/users/corgs/WCAG/wcag%201.0%20viewer.ht
9 1 0 0
m) to find at least three Web accessibility guidelines that can 
contribute to making a Web site accessible to people with visual 
disabilities and document the advice obtained.
WCAG 1.0 1(b): Use WCAG 1.0 interface (http://www.w3.org/TR/WAI- 
WEBCONTENT/) to find at least three Web accessibility 
guidelines that can contribute to making a Web site accessible to 
people with hearing disabilities and document the advice obtained
1 3 2 4
Framework Task 2 (a): Use the framework interface to identify Web design 
considerations for making navigation accessible to people with cognitive 
disabilities and document advice obtained
8 2 0 0
WCAG Task 2 (b): Use WCAG 1.0 interface to identify at least three Web 
design considerations for making your Web site’s user interface accessible 
to people with motor disabilities and document advice obtained
0 0 1 9
Key: A-Very fast; B-Fast; C-Slow; D-Very slow
As shown in table 14, most participants completed tasks on the framework interface much faster 
compared to the tasks on the WCAG 1.0 interface. For the two tasks on the framework interface, 
majority completed them at a fast rate (9/10 -  very fast and 1/10 -fast for task 1 (a) and 8/10 - very fast 
and 2/10 -fast for task 2 (a)).
For the tasks on the WCAG 1.0 interface, most participants completed them at a much slower rate 
(1/10-very fast and 3/10 -fast for task 1 (b) and none completed task 2 (b) at a vey fast or fast rate. 
Table 15 shows a summary comparison of foreign developers’ rating of the time taken to obtain 
required advice.
Table 15 Comparison of the rating of time spent to complete tasks by Foreign Developers
Task pair one (1 (a) and (b) Task pair two (2 (a) and (b) %age pair one %age pair two
Rating of 
Time
Framework WCAG 1.0 Framework WCAG 1.0 FR WCAG FR WCAG
Very fast 9 1 8 0 90% 10% 80% 0
Fast 1 3 2 0 10% 30% 20% 0
Slow 0 2 0 1 0 20% 0 10%
Very slow 0 4 0 9 0 40% 0 90%
W hether the difference between time rating for completion of tasks is significant: The paired 
samples T-Test was also used to find out if there was a significant difference between the rating of 
time spent on tasks on the framework and WCAG 1.0 interfaces by foreign developers. The results 
obtained are presented in table 16.
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Table 16 If the difference between rating of time taken to complete tasks is significant
Interface Mean Std deviation Std error mean T-Value Significance
Task pair one
Framework 1.10 0.32 0.10
WCAG 2.90 1.10 0.35
F ramework-W C AG -1.80 1.03 0.33 -5.511 0.000
Task pair two
Framework 1.20 0.42 0.13
WCAG 3. 90 0.32 0.10
F ramework-W C AG -2.70 0.48 0.15 -17.676 0.000
According to the results in table 16, the significance value between the means of the framework and 
WCAG 1.0 interface is 0.000 for both task pair one and two which is less than 0.05. Hence there is a 
significant difference between the rating of time spent to complete tasks on the framework and the 
WCAG 1.0 interface for foreign developers.
Rate of obtaining correct advice: The procedure used was the same as that used for local Web 
developers. The results obtained are presented in table 17.
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Table 17 Rate of obtaining correct advice by Foreign Web Developers
Interface Task Rate
Correct Wrong
Framework Task 1 (a): Use the framework interface (with a purple top banner- 
http://co-
proiect.lboro.ac.uk/users/cores/WCAG/wcae%201.0%20viewer.htm) to
10 0
find at least three Web accessibility guidelines that can contribute to 
making a Web site accessible to people with visual disabilities and 
document the advice obtained.
WCAG 1.0 1(b): Use WCAG 1.0 interface (http://www.w3.org/TR/WAI- 
WEBCONTENT/) to find at least three Web accessibility guidelines that 
can contribute to making a Web site accessible to people with hearing 
disabilities and document the advice obtained
2 8
Framework Task 2 (a): Use the framework interface to identify Web design considerations 
for making navigation accessible to people with cognitive disabilities and 
document advice obtained
10 0
WCAG 1.0 Task 2 (b): Use WCAG 1.0 interface to identify at least three Web design 
considerations for making your Web site’s user interface accessible to people with 
motor disabilities and document advice obtained
1 9
As shown in table 17 most participants obtained correct advice on the tasks on the framework 
interface compared to the tasks on the WCAG 1.0 interface. All the 10 participants got correct advice 
from all the tasks on the framework interface. On the other hand only 2 and 1 participants obtained 
correct advice from tasks 1 (b) and 2 b) respectively on the WCAG 1.0 interface.
W hether the difference between the rate of obtaining correct advice is significant: The
significance of the difference between the rate of obtaining correct advice by foreign Web developers 
was obvious given that in each task pair all participants obtained correct advice for the task on the 
framework interface. Hence there was no need to perform the paired samples T-Test.
User experience with each interface by foreign Web developers: Besides the task based 
questions, the foreign Web developers also documented their experience from using both interfaces 
during the evaluation. The feedback obtained was as follows:
• The framework interface was found easier to navigate given the ability to filter and obtain 
required advice quickly, easy to learn (intuitive) and it made it easier for people without 
specialist knowledge on disabilities such as Web developers new to accessibility to quickly get 
what guidelines relate to what. Some of the statements from participants taken verbatim include:
• “With the framework interface, I  know that these guidelines have already been selected 
as relevant to a given need being applicable I  do not need to worry about reading into 
them in detail and trying to understand whether they are applicable”
• “The menu made it very easy to jump to the guidelines that are applicable to a certain 
type o f  disability”
• “The menus used to perform retrieval tasks make navigation easy because it is possible to 
jump directly to the collection o f  relevant guidelines”,
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The WCAG 1.0 interface was found very time consuming to find required advice and participants 
suggested that its structure should be redesigned to add a filter function like the one in the framework 
interface.
Suggestions for further improvement of WCAG guidelines: Foreign developers also gave general 
suggestions on how WCAG can be improved namely: detailed examples of how the guidelines can 
be used in the real world as one remarked that: “as a Web developer it is very helpful to have 
examples o f  how it could be done”, a search tool for users who want to search something specific 
and provide guidelines about security and privacy issues.
6.4.3 IT Managers
Rating of time taken to complete tasks by IT managers: Like the local and foreign developers, IT 
Managers were also asked to rate the time spent to complete the tasks. Table 18 presents the results 
obtained.
Table 18 Rating of time taken to complete tasks by IT managers
Task Completion
A B C D
Task 1: You are proposing to redesign your company Web site to make it accessible to people with 
disabilities. Management has requested that you prepare for them an outline of special Web design 
considerations that need to be met in the redesign process. Use the framework guidelines (with a purple 
top burner) to develop this outline and document the advice obtained
O 7 3 O
Task 2: You have been tasked to write a request for proposal (RFP) for designing a Web site to make it 
accessible to people with disabilities. Use the WCAG guidelines (with a white background) to find out 
what you need to include in the RFP and document the advice obtained.
O 2 8 O
Key: A-Very fast; B-Fast; C-Slow; D-Very slow
As shown in table 18, participants completed the tasks on the framework interface much faster 
compared to that on the WCAG interface.
W hether the difference between the rating of time taken to complete tasks is significant: Table 
19 shows the results obtained.
Table 19 If difference between rating of time taken to complete tasks is significant
Interface Mean Std deviation Std error mean T-Value Significance
Framework 2.30 0.48 0.15
WCAG 2.30 0.42 0.13
F ramework-W C AG 0.50 0.53 0.17 -3.000 0.015
According to the results in table 19, the significance value between the means of the framework and 
WCAG 1.0 interface is 0.015 which is less than 0.05. Hence there is a significant difference between 
the rating of time for completion of tasks on the framework compared to the WCAG 1.0 interface.
Rate of obtaining correct advice by IT managers: More IT managers obtained correct advice on 
the task on the framework interface compared to the task on the WCAG 1.0 interface. For the 10 
participants, only 1 participant failed to get correct advice on the framework interface while 7 failed 
on the WCAG 1.0 interface.
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W hether the difference between the rate of obtaining correct advice is significant: Table 20 
shows the results obtained.
Table 20 If the difference between the rate of obtaining correct advice is significant
Interface Mean Std deviation Std error mean T-Value Significance
Framework 1.10 0.32 0.10
WCAG 1.70 0.48 0.15
F ramework-W C AG -0.6 0.52 0.16 -3.674 0.005
According to the results in table 20, the significance value between the means of the framework and 
WCAG 1.0 interfaces is 0.005 which is less than 0.05. Hence there is a significant difference 
between the rate of obtaining correct advice from the framework compared to WCAG 1.0 interface.
User experience with each interface by IT Managers
The IT managers also found the framework interface easier to use to find required advice using the 
navigation menu. On the other hand they found the WCAG 1.0 interface difficult to use to get the 
advice needed as one noted “I  found the WCAG interface hard to navigate because the user is 
assumed to know where a given piece o f  advice is”.
General Comments: The IT Managers also made general comments about how WCAG can be 
improved from the perspective of IT managers namely: add FAQs page, a summary of the guidelines 
and guidance on legal implications. Their general remark about the subject of Web accessibility was 
that the Uganda Communications Commission should regulate national implementation of the 
WCAG guidelines in Uganda.
The next sub section discusses our interpretation of the results obtained
6.5 Discussion of the Results from the Evaluation of the Implementation of the Framework
The results presented in section 6.4 confirm that users of Web accessibility guidelines such as Web 
developers and IT managers can find required advice more quickly using the framework interface 
compared to the current WCAG user interface for both new and experienced audiences. In addition, 
the users are also more likely to find correct advice using the framework compared to the WCAG 
interface. This is possible with the framework interface because the advice is pre-classified according 
to the roles, contexts of use and preference options of the target audience. Such user interface 
qualities are particularly useful for people with little or no prior knowledge on disability and Web 
accessibility such as Web developers new to accessibility. This is evidenced by results of the rate of 
finding correct advice by local and foreign Web developers. The failure rate on WCAG interface for 
the local developers was higher compared to that of the foreign developers who had knowledge and 
experience of Web accessibility and Web accessibility guidelines. On the other hand, many more 
local Web developers were able to find correct advice using the framework interface and all the 
foreign Web developers obtained correct advice from the framework interface.
In addition results of the tests on whether there was a difference between the duration of task 
completion and the rate of obtaining correct advice shows that there is a significant difference 
between time taken to complete tasks and the rate of obtaining correct advice between the framework 
and WCAG interface in favour of the framework interface. Hence the framework has a potential to 
improve usability of Web accessibility guidelines.
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The major merits of the framework compared to the WCAG interface as synthesized from 
participants’ feedback on their experience with the two user interfaces include:
• Simpler/straightforward to use to find required advice
• Freedom to control the amount of information displayed at a given time
• Easier to use for users with little/no knowledge about disabilities and Web accessibility. Such 
users can quickly get advice per type of disability, Web page component, etc.
The difference between the usability of the two user interfaces is a result of the filter functionality 
that was added to the framework interface to enable users find quickly required advice in relation to 
their roles, purpose or preference.
Other than Web accessibility guidelines, the framework is relevant to other Web based long 
documents with multiple classes of users such as corporate policies, software documentation, 
training manuals, other international standards/guidelines, etc.
CHAPTER SEVEN CONCLUSION AND FUTURE WORK
7.1 Conclusion
This research has examined how to make Web accessibility guidelines particularly the Web Content 
Accessibility Guidelines (WCAG) easier to use to find required advice as one of the ways to improve 
the design of accessible Web based systems. To achieve this goal we answered a number of research 
questions on WCAG’s potential and influence on the development of accessible Web based systems, 
what makes WCAG difficult to use to find required advice, proposed solutions and their weaknesses 
and a possible solution to the weaknesses. As a result the following contributions were made:
General:
• A generic framework for filtering long Web based documents with disparate groups of users in 
different roles and responsibilities (a description of how this can be achieved is provided in a 
mini user guide in appendix 5).
• An approach for filtering the Web Content accessibility guidelines (WCAG) to make them easier 
to use for the target audience to find required advice.
Specific:
• A demonstration that the guidance given in WCAG is relevant to the Web accessibility problems 
faced by people with disabilities
• An illustration that WCAG has influence over the development of more accessible Web based 
systems but this influence is still limited by its usability limitations which have not yet been 
addressed
• A demonstration that the proposed solution for the usability limitations of WCAG i.e. the 
framework for filtering accessibility guidelines is well grounded in a broader mature field of 
information retrieval particularly focused retrieval and that its application is generic beyond the 
domain of focus in this research i.e. Web accessibility guidelines
• An illustration of how the requirements of the framework for filtering Web accessibility 
guidelines are determined, how it is designed and implemented (a set of instructions on how to 
do this and an example is given in the appendix as appendix 5).
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• A demonstration that the proposed framework is easier to use to find required advice compared 
to the WCAG guidelines both in terms of time taken to retrieve required advice and the accuracy 
of obtained advice.
However, besides the great contributions, this research also registered a few limitations that have 
been earmarked as open questions for future research namely:
• The content filtration technique used by the framework manually adds filtration markup to the 
document’s document type definition (DTD). This is tedious and error prone. An automated 
document conversion technique would make the conversion (microformating) process much 
faster and less error prone.
• The framework in its current state is only applicable to single long Web based documents. Its 
application to multiple heterogeneous documents such as those handled by search engines would 
widen its relevancy.
7.2 Future Work
In addition to the contributions made by this research, open questions for future work were identified 
particularly in relation to the earmarked limitations namely:
• A technique that adds content filtration attributes automatically to a document’s DTD in order to 
make the conversion (microformating) process faster and less error prone.
• An extension of the framework to filter content from multiple heterogeneous documents such as 
those handled by search engines to widen its application.
This research has shown that filtering WCAG according to user roles, responsibilities and the 
structure of the document improves its ease of use to obtain required advice. This in turn is expected 
to improve the design of accessible Web based systems given WCAG’s recognition and extensive 
use as a Web accessibility standard. In addition the application of the framework to other long Web 
based documents used by disparate groups of users such as company policies of multilateral 
corporations, software documentation, training manuals and e-learning content can improve the 
usability of such documents resulting into better use and better return on investment. It has also 
earmarked areas for further work that once addressed can build on the contributions made.
102
APPENDIX
Appendix 1. Table 1 How Properties of Web based systems affect Web Users with Disabilities
Disability Associated Property of 
Web based Systems
Effect of the Property on people with the 
Disability
Blindness Non-linear access Affects linear access normally used by screen readers
Lack of control over 
end user access 
behaviour and 
environment
Some assistive technologies e.g. older screen readers 
may be incompatible with accessibility adaptations 
included in Web sites
Graphical User 
Interface (GUI) based
Some GUI especially peripheral content like banners 
and ads slow down access speed for screen reader 
users. Screen readers’ access and out puts are serial
Use of varied 
technologies
Older assistive technologies may not be compatible 
with new technologies
Young developers with 
near perfect vision
May affect the ability to effectively capture and 
implement accessibility requirements for the blind
Low Vision Non-linear access Difficulty to navigate when enlarged due to loss of 
surrounding context
Lack of control over 
end user access 
behaviour and 
environment
Different screen magnifiers may render the pages 
with varied colour contrasts
Graphical User 
Interface (GUI) based 
user interface
Text presented as images may be unusable when 
enlarged due to loss of surrounding context
Young developers with 
near perfect vision
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
low vision
Colour blindness Lack of control over 
end user access 
behaviour and 
environment
Different end user agents may out put pages with 
varying colour contrasts
Some user agents may not support user override of 
author style sheets/colour settings
Graphical User 
Interface (GUI) based
May be difficult to understand content presented as 
coloured images
May be difficult to understand content where colour 
is used as a unique marker e.g. for emphasis
Use of varied 
technologies
Different end user agents may produce pages with 
varying colour contrasts
Some user agents may not support user override of 
author style sheets
Young developers with May affect the ability to effectively capture and 
implement accessibility requirements for colour
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near perfect vision blind users
Deaf Lack of control over 
end user access 
behaviour and 
environment
Combinations of different development tools and 
user agents may produce results of varying quality
Use of varied 
technologies
Combinations of different development tools and 
user agents may produce results of varying quality
Young developers with 
near perfect hearing 
ability
May affect the ability to effectively capture and 
implement accessibility requirements for the deaf
Motor disability Lack of control over 
end user access 
behaviour and 
environment
Some browsers may not support keyboard 
alternatives for mouse commands
There could also be hardware compatibility problems 
e.g. sound card conflict that some times arises when 
using speech recognition on Web sites with 
streaming audio (W3C, 2005)
Use of varied 
technologies
Some authoring tools and browsers may not support 
keyboard alternatives for mouse commands
Graphical User 
Interface (GUI) based
May affect speed of linear access especially if there 
are peripheral elements like banners and ads- GUI is 
primarily meant for parallel access with a mouse
Non-linear access May affect speed of linear access via keyboard and 
all other serial input devices
Young developers with 
fine motor control
May affect the ability to effectively capture and 
implement accessibility requirements people with 
motor disability
Speech disability Lack of control over 
end user access 
behaviour and 
environment
Some end user agents may not be compatible with 
the alternatives provided for speech input
Use of varied 
technologies
Some end user agents may not be compatible with 
the alternatives provided for speech input
Young developers with 
fine speech ability
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
speech disability
Visual and 
auditory 
perceptual 
disability
Lack of control over 
end user access 
behaviour and 
environment
Some end user agents may be not be compatible with 
the accessibility adaptations included in Web sites
Use of varied 
technologies
Some end user agents may be not be compatible with 
the accessibility adaptations included in Web sites
Young developers with 
fine visual and auditory 
perceptual ability
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
visual and perceptual disability
Attention deficit Lack of control over 
end user access
Pages may be rendered differently for different end 
users with some appearing more cluttered and with
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disorder behaviour and 
environment
poor colour contrast
Use of varied 
technologies
Page may be rendered differently for different end 
users with some appearing more cluttered and with 
poor colour contrast
Graphical User 
Interface (GUI) based
GUI can be utilised to help this group comprehend 
content better but if not well presented, it can 
confuse them the more
Non-linear access It can make it hard to logically connect page 
elements
Young developers with 
fine cognitive ability
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
attention deficit disorder
Intellectual
disability
Lack of control over 
end user access 
behaviour and 
environment
Pages may be rendered differently for different end 
users with some appearing less organised, cluttered 
and with poor colour contrast
Use of varied 
technologies
Pages may be rendered differently for different end 
users with some appearing less organised, cluttered 
and with poor colour contrast
GUI based interface Can be utilised to help this group comprehend 
content better e.g. augment text intensive sections 
but if not well used e.g. many ads and banners , it 
can confuse them the more
Non-linear access Users can find it hard to logically connect page 
elements
Young developers with 
fine intellectual ability
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
intellectual disability
Memory
impairments
Lack of control over 
end user access 
behaviour and 
environment
Pages may be rendered differently for different end 
users with some appearing less organised, cluttered 
and with poor colour contrast
Use of varied 
technologies
Pages may be rendered differently for different end 
users with some appearing less organised, cluttered 
and with poor colour contrast
GUI based content Can be utilised to help this group comprehend 
content better e.g. augment text intensive sections 
but if not well used e.g. many ads and banners , it 
can confuse them the more
Non-linear access Users can find it hard to logically connect page 
elements
Young developers with 
fine intellectual ability
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
memory impairements
Mental health Lack of control over Pages may be rendered differently for different end
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disability end user access 
behaviour and 
environment
users with some appearing less organised, cluttered 
especially with periphery elements and with poor 
colour contrast
Use of varied 
technologies
Pages may be rendered differently for different end 
users with some appearing less organised, cluttered 
especially with periphery elements and with poor 
colour contrast
Graphical User 
Interface (GUI) based
Can be utilised to help this group comprehend 
content better e.g. augment text intensive sections 
but if not well used e.g. many ads and banners , it 
can confuse them the more
Non-linear access Users can find it hard to logically connect page 
elements
Young developers with 
fine intellectual ability
May affect the ability to effectively capture and 
implement accessibility requirements
Seizure disorders Lack of control over 
end user access 
behaviour and 
environment
Varied user agents e.g. browsers may have different 
flashing or flickering frequencies some of which may 
be in the range that triggers seizures
Use of varied 
technologies
Varied user environments may have different 
flashing or flickering frequencies some of which may 
be in the range that triggers seizures
Young developers with 
little/no experience 
about seizure disability
May affect the ability to effectively capture and 
implement accessibility requirements for people with 
seizure disorders
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Appendix 2: Views of Web developers about the Usability of WCAG Questionnaire
Title: HOW WEB DEVELOPERS USE WEB CONTENT ACCESSIBILITY GUIDELINES
Accessibility basically means that people with disabilities can use a system or product.
Introduction: A Content Filtration Approach for Accessibility Guidelines:
We are proposing an approach for filtering accessibility guidelines such as the Web Content 
Accessibility Guidelines (WCAG) according to different contexts e.g. stage of development, type of 
disability, level of detail, content/navigation/user interface, etc. but first wish to find out how 
developers use the WCAG guidelines.
We would like your quick views on how you use WCAG by answering the following questions. There are 
only 8 questions and it should be possible to answer them in less than 5 minutes.
Questions:
1. What is your main interest in regard to the web e.g. Web Developer, Software Developer, IT Procurement 
et cetera (Please write your answer in the space provided)
2. What version o f WCAG do you use?
(a) WCAG 1.0
(b) WCAG 2.0
(c) Both
(d) Don’t use WCAG (state w hy........................................................................................................)
3. How do you refer to WCAG?
a) Carry details in my head
b) Refer to printed copy
c) Refer to online copy
d) Ask someone else
4. Do you find WCAG easy to navigate? 
a) No problems
c) Could be improved
5. If you think it could be improved, how might it be improved?
a) Better navigation
b) Search facility
c) Reorganized
d) Other (specify.......................................................)
6. What do you like most about WCAG? (write in the space provided &specify the version in question)
7. What don’t you like about WCAG (write in the space provided &specify the version in question)
8. Please provide any other comments you may have (please write in the space provided)
Thank you. Please send completed questionnaire to both rbaguma@cit. mak. ac.ug, 
brehema@y ahoo.co.uk
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Appendix 3: Usability account about the design of the Prototype using Cognitive Walkthrough 
technique
Task 1: Identify Web design considerations for making Web site navigation accessible 
Action A: Open the Web page component menu
Question 1: Will users be trying to produce what ever effect the action has?
Answer: Yes. It is reasonable to assume that a user familiar with Web development would relate 
navigation to Web page component. However, there is a possibility for a user(s) to associate Web 
page component with the individual pieces of objects on a Web page e.g. images, text, file 
downloads instead of a categorization of the objects.
Question 2: Will users be able to notice that the correct action is available e.g. a button, menu item? 
Answer: Yes. The Web page component item is available and visible on the navigation menu 
Question 3: Once users find the correct action on the interface, will they know that it is the right one 
for what they are trying to achieve?
Answer: Yes. It is reasonable to assume that a user familiar with Web development would know in 
this situation that navigation is under Web page component.
Question 4: After the action is taken, will users understand the feedback they get in order to 
determine if they have accomplished their goal?
Answer: Yes. When the Web page component is opened, its menu displays for the user to choose the 
menu item of interest.
Action B: Choose navigatio
Question 1: Will users be trying to produce what ever effect the action has?
Answer: Yes. If a user gets this far, by this time, he/she will likely know what the expected output is. 
Question 2: Will users be able to notice that the correct action is available e.g. a button, menu item? 
Answer: Yes. Navigation is one of the menu items of the Wb page component. Therefore it is 
expected to be easy for the user to find.
Question 3: Once users find the correct action on the interface, will they know that it is the right one 
for what they are trying to achieve?
Answer: Yes. The menu label (navigation) is intuitive in relation to the task.
Question 4: After the action is taken, will users understand the feedback they get in order to 
determine if they have accomplished their goals?
Answer: Yes. Once the action is taken, the content displayed changes to display only the guidelines 
for navigation accessibility. During the change, the screen flashes as the displayed content is 
changed. It is expected that the user will recognize this process to indicate successful competition of 
the action.
Task 2: Identify Web design considerations for making Web content accessible to users with 
cognitive disabilities.
Action A: Open the Web page component menu
Question 1. Will users be trying to produce what ever effect the action has?
Answer. Yes. It is expected that a user familiar with Web development would associate Web content 
with Web page component. However it is also possible for the Webpage component to be associated
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with the individual pieces of objects on a Web page e.g. images, text, file downloads instead of a 
categorization of the objects.
Question 2: Will users be able to notice that the correct action is available e.g. a button, menu item?
Answer: Yes. The Web page component item is available and visible on the navigation menu.
Question 3: Once users find the correct action on the interface, will they know that it is the right one 
for what they are trying to achieve?
Answer: Yes. It is expected that a user familiar with Web development would easily associate Web 
content with Webpage component. However it is also possible for some users may associate Web 
page components with the individual pieces of objects on a Web page e.g. images, text, file 
downloads instead of a categorization of the objects.
Question 4: After the action is taken, will users understand the feedback they get in order to 
determine if they have accomplished their goals?
Ans. Yes. When the Web page component is opened, its menu displays for the user to choose the 
menu item of interest.
Action B: Choose content sub menu
Question 1: Will users be trying to produce what ever effect the action has?
Answer: Yes. It is expected that a user familiar with Web development would associate content with 
Webpage component. However it is also possible for some users to associate Web page component 
with the individual pieces of objects on a Web page e.g. images, text, file downloads instead of a 
categorization of the objects.
Question 2: Will users be able to notice that the correct action is available e.g. a button, menu item? 
Ans. Yes. Content is one of the menu items of the Web page component. Therefore it is expected to 
be easy for the user to find.
Question 3: Once users find the correct action on the interface, will they know that it’s the right one 
for what they are trying to achieve?
Answer: Yes because the name of the sub menu button (content) is intuitive to the task 
Question 4: After the action is taken, will users understand the feedback they get in order to 
determine if they have accomplished their goals?
Ans: Yes. Once the action is taken, the display changes and shows only the guidelines for content 
accessibility. During the change, the screen flashes as the displayed content is changed. It is expected 
that the user will recognize this process to indicate successful competition of the action.
Action C: Open type of disability menu
Question 1: Will users be trying to produce what ever effect the action has?
Answer: Yes. It is expected that users will associate cognitive disability with type of disability.
Question 2: Will users be able to notice that the correct action is available e.g. a button, menu item?
Answer: Yes. The type of disability menu is available and visible on the navigation menu
Question 3: Once users find the correct action on the interface, will they know that it’s the right one 
for what they are trying to achieve?
Answer: Yes. It is expected that users will relate cognitive disabilities to the type of disability 
navigation item
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Question 4: After the action is taken, will users understand the feedback they get in order to 
determine if they have accomplished their goals?
Answer: Yes. When type of disability is opened, its menu displays for the user to choose the menu 
item of interest.
Action D: Choose cognitive sub menu
Question 1: Will users be trying to produce what ever effect the action has?
Answer: Yes. It is expected that users will associate cognitive disabilities with the cognitive menu 
item under type of disability.
Question 2: Will users be able to notice that the correct action is available e.g. a button, menu item?
Answer: Yes. Cognitive is one of the three sub menu items under type of disability.
Question 3: Once users find the correct action on the interface, will they know that it is the right one 
for what they are trying to achieve?
Answer: Yes. It is expected that users will easily relate cognitive disability to type of disability 
menu.
Question 4: After the action is taken, will users understand the feedback they get in order to 
determine if they have accomplished their goals?
Yes. Once the cognitive sub menu is chosen, the guidelines displayed for making content accessible 
changes into more refined guidelines for making content accessible to users with cognitive 
disabilities. During the change, the screen flashes as the displayed content is changed. It is expected 
that the user will recognize this process to indicate successful competition of the action.
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Appendix 4: Questionnaires for the Evaluation of the Prototype 
4a: Local developers
Title: Usability testing for a proposed approach to improve the Web Content Accessibility 
Guidelines
Introduction: Accessibility basically means that people with disabilities can use a system or product. 
Usability is the degree to which a given product or system assists the person using it to accomplish a task. 
Accessibility guidelines provide guidance on how to develop or procure information technology products and 
services that can be used by people with disabilities. As part o f our research, we have been trying to make the 
Web Content Accessibility Guidelines (WCAG) document more usable so there is the WCAG 1.0 guidelines 
(with a white background) and our frameworks guidelines (with a pale yellow background). We would 
like your help in testing whether the framework guidelines are more usable. For more details about the 
background to this work, see at the end o f this questionnaire.
Instructions: The questionnaire contains task based and user experience questions. For each task, type of  
guidelines to use is mentioned.
Section A: Task Based Questions 
Duration: 50 minutes
Task 1 (a): You have been told that your company Web site is not accessible to people with visual disabilities. 
Use the framework interface ( pale yellow background) to find out what extra development work is required to 
make the Web site accessible and document the advice obtained.
Your answer?
How do you rate the time spent to complete task 1 (a) (bold one): i) Less than normal ii) Just normal iii) 
Above normal iv) Too much
Task 1 (b): You have been told that the audio clips on your company Web site are not accessible to people 
with learning disabilities. Use the ‘raw’ WCAG 1.0 guidelines (white background) to find out what extra 
development work is required to make the Web site accessible and document the advice obtained.
Your answer?
How do you rate the time spent to complete task 1 (b) (bold one): i) Very fast ii) Fast iii) Slow iv) Too 
slow
Task 2 (a): You have received complaints that people with cognitive disabilities cannot navigate your 
company Web site. Use the framework interface (pale yellow background) to identify Web design 
considerations for making navigation accessible to people with cognitive disabilities and document the advice 
obtained.
Your answer
How do you rate the time spent to complete task 1 (b) (bold one): i) Very fast ii) Fast iii) Slow iv) Too 
slow
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Task 2 (b): Task 4: Results o f  the recent user survey indicate that people who have motor disabilities e.g. 
hand movement problems have difficulties with the user interface o f your company Web site. Use WCAG 1.0 
guidelines to identify Web design considerations for making your Web site’s user interface accessible to 
people with motor disabilities and document the advice obtained.
Your answer
How do you rate the time spent to complete task 1 (b) (bold one): i) Very fast ii) Fast iii) Slow iv) Too 
slow
Section B: User Experience with each type of guidelines
Instructions: The user experience questions solicit your experience about using both types o f  guidelines 
(while performing the tasks).
Duration: 10 minutes
Section B: Your Experience with each set of guidelines
Framework WCAG1.0
9. Were the guidelines easy or difficult to navigate? What made it that way?
10. What did you like about the organization and presentation o f the guidelines?
11. What didn’t you like about the organization and presentation o f the guidelines?
12. Please provide any other comments?
END Thanks
4 b: Foreign Developers
Usability testing for a proposed approach to improve the Web Content Accessibility Guidelines
Introduction: Accessibility basically means that people with disabilities can use a system or product. 
Usability is the degree to which a given product or system assists the person using it to accomplish a task. 
Accessibility guidelines provide guidance on how to develop or procure information technology products and 
services that can be used by people with disabilities. As part o f our research, we have been trying to make the 
Web Content Accessibility Guidelines (WCAG) document more usable so there is the WCAG 1.0 guidelines 
(with a white background) and our framework’s guidelines (with a purple top banner). We would like 
your help in testing whether the framework guidelines are more usable. For more details about the background 
to this work, see at the end o f this questionnaire.
The exercise is in two parts: the task based questions and user experience questions. Both are expected to take 
not more than 30 minutes in total.
Note: This evaluation is based on WCAG 1.0, because WCAG 2.0 was passed in Dec. 2008 after we had 
already started the evaluation process. But the proposed approach is also applicable to WCAG 2.0.
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Section A: Task Based Questions 
Duration: 25 minutes
Task 1 (a). Use the framework interface (with a purple top banner-
http://co-proiect.lboro.ac.uk/users/corgs/WCAG/wcag%201.0%20viewer.htm)
to find and document at least three Web accessibility guidelines that can contribute to making a Web site 
accessible to people with visual disabilities and document the advice obtained.
Your answer?
How do you rate the time taken to complete task1 a (bold one): i) Very fast ii) Fast iii) Slow iv) Too slow
Task 1 (b). Use WCAG 1.0 interface (http://www.w3.org/TR/WAI-WEBCONTENT/)
to find and document at least three Web accessibility guidelines that can contribute to making a website 
accessible to people with hearing/audio disabilities and document the advice obtained.
Your answer?
How do you rate the time take to complete task 1 b (bold one): i) Very fast ii) Fast iii) Slow iv) Too slow
Task 2 a. You have received complaints that people with cognitive disabilities cannot navigate your company 
Web site. Use the framework interface to identify and document at least three Web design considerations 
for making navigation accessible to people with cognitive disabilities and document advice obtained
Your answer
How do you rate the time taken to complete task 2 a (bold one): i) Very fast ii) Fast iii) Slow iv) Too slow
Task 2 b. Results of the recent user survey indicate that people who have motor disabilities e.g. hand 
movement problems have difficulties with the user interface of your company Web site. Use WCAG 1.0 
guidelines to identify and document at least three Web design considerations for making your Web site’s user 
interface accessible to people with motor disabilities and document advice obtained
Your answer
How do you rate the time take to complete task 1 b (bold one): i) Very fast ii) Fast iii) Slow iv) Too slow 
Section B: User Experience with each type of guidelines
Instructions: This section solicits your views based on the experience you’ve just got from using both sets of 
guidelines.
Duration: 5 minutes
Framework WCAG1.0
13. What features were vague or confusing to you, if any?
14. Were the guidelines easy or difficult to navigate? What made it that way?
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15. What could be improved about navigation?
16. What else should be included for each type o f  guidelines?
17. What did you like about the guidelines?
18. What didn’t you like about the guidelines?
19. Please provide any other comments?
END Thanks
4 c: IT Managers
Usability Testing for the Web Content Accessibility Guidelines version 1.0 (WCAG 1.0)
Introduction: Accessibility basically means that people with disabilities can use a system or product. 
Usability is the degree to which a given product or system assists the person using it to accomplish a task. 
Accessibility guidelines provide guidance on how to develop or procure information technology products and 
services that can be used by people with disabilities. As part o f our research, we have been trying to make the 
actual Web Content Accessibility Guidelines (WCAG) document more usable so there is the existing WCAG
1.0 webpage (with white background) and my revised WCAG 1.0 webpage (yellow background). We 
would like your help in testing whether the revised page is indeed more usable. For more details about the 
background to this work, see at the end o f this questionnaire.
Instructions: The questionnaire contains task based and user experience questions. For each task, the version 
o f WCAG 1.0 to use is mentioned. For the user experience questions, use your experience using both versions 
(while performing the tasks).
Section A: Task based questions for IT Managers/Procurers 
Duration: 50 minutes
Task 1. You are proposing to redesign your company web site to make it accessible to people with visual 
disabilities. Management has requested that you prepare for them an outline o f special web design 
considerations that need to be met in the redesign process. Use my revised WCAG 1.0 (yellow background) 
to develop this outline and document how you got guidance.
Your answer
How do you rate the time taken to complete task1 (bold one): i) Very fast ii) Fast iii) Slow iv) Too slow
Task 2. You have been tasked to write a request for proposal (RFP) for designing a Web site to make it 
accessible to people with audio disabilities. Use WCAG 1.0 (white background) to find out what you need to 
include in the RFP and document how you got guidance.
Your answer
How do you rate the time taken to complete task1 (bold one): a) i) Very fast ii) Fast iii) Slow iv) Too slow
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Section B: User Experience with each version 
Duration: 10 minutes
Framework WCAG1.0
20. What features were vague or confusing to you, if  any?
21. Were the guidelines easy or difficult to navigate? What makes it that way?
22. What could be improved about navigation?
23. What else should be included for each guideline?
24. What did you like about the guidelines?
25. What didn’t you like about the guidelines?
26. Please provide any other comments?
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Appendix 5: Mini user guide on how to filter content in a long Web based document
i) Identify the ‘navigation’ menu items
a. could be different types of user [e.g user1, user2 , ... user_n]
b. could be different features in the document [e.g. feature1, feature2 , ... feature_n]
c. Could be different topics [e.g. topic1, topic2,.topic_n]
ii) Mark up the document adding to class attribute content filtration attributes or adding tags 
like <div> or <span> to allow class attribute to be introduced]
iii) Create alternate CSS style sheets
iv) Add javascript style-switching and navigation code (as used in thesis) making changes 
appropriate to the new document.
v) Test.
For instance for our running story/uganda/tea, the process would go as follows:
i) Identify the ‘navigation’ menu items
a. Different drinks[tea, coffee, cocoa)
b. Different countries[Uganda, Tanzania, Botswana]
c. Different drink(s) + different country(ies)
ii) Mark up the document adding to class attribute content filtration attributes or adding tags 
like <div> or <span> to allow class attribute to be introduced]
<story class="tea Uganda">
<section class="tea">
< title class="tea">Tea</ title >
<content> Any time is tea time!!! </content>
</section>
<section class="tea Uganda">
<content> The best tea in Africa comes from Uganda. </content>
</section>
</story>
Note: In the above code content filtration attributes are <section class="tea">, < title 
class="tea"> and <section class="tea Uganda">. These attributes designate the 
information under them filterable whenever they are selected as the attributes of interest.
iii) Create alternate CSS style sheets
a. Alternative style sheets for supporting the user making choices between all-drinks or 
tea or coffee or cocoa
a0 : all_drinks.css
.tea, .coffee, .cocoa {display:block} 
a1: tea.css
.coffee, .cocoa {display:none;}
.tea {display: block;} 
a2 : coffee.css
.tea, .cocoa {display:none;}
.coffee {display: block;} 
a3: cocoa.css
.tea, .coffee {display:none;}
.cocoa {display: block;}
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b. Alternative style sheets for supporting the user making choices between all-countries 
or Uganda or Tanzania or Botswana
b0 : all-countries.css
.Uganda, .Tanzania, .Botswana {display:block} 
b1: Uganda.css
.Tanzania, .Botswana {display:none;}
.Uganda {display:block;} 
b2: Tanzania.css
.Uganda, .Botswana {display:none;}
. Tanzania {display:block;} 
b3: Botswana.css
.Tanzania, .Uganda {display:none;}
. Botswana {display: block;}
If the user chooses tea and Uganda then both stylesheets a1 and b1 will be in use
iv) Add javascript style-switching and navigation code making changes appropriate to the 
new document.
The basic code for swapping stylesheets in a document is readily available on the internet 
(see e.g. http://www.alistapart.com/articles/alternate/). The code finds the stylesheets via 
the <link> tag and the rel and title attributes. Given a particular stylesheet title the code 
disables all alternate stylesheets except the one with the chosen title which is enabled. 
The variation required in our application is that instead of one collection of alternate 
stylesheets, we have several groups of alternate stylesheets. We need to allow one 
stylesheet from each group to be simultaneously active. So when swapping stylesheets we 
need to specify a group and a title. The code must disable just the remainder of the 
stylesheets in the group and enable the one with the chosen title. We chose to group the 
stylesheets using the rev attribute and the value of the rev attribute is checked before 
disabling any stylesheet.
<!-- alternate style group: drink -- >
<link href='styles/all-drinks.css' rel='alternate stylesheet' rev='drink' type='text/css' 
title='all-drinks' />
<link href='styles/tea. css' rel='alternate stylesheet' rev='drink' type='text/css' title='tea'
/>
<link href='styles/coffee.css' rel='alternate stylesheet' rev='drink' type='text/css' 
title='coffee' />
<link href='styles/cocoa.css' rel='alternate stylesheet' rev='drink' type='text/css' 
title='cocoa' />
<!-- alternate style group: country -- >
<link href='styles/all-countries.css' rel='alternate stylesheet' rev='country' type='text/css' 
title='all-countries' />
<link href='styles/Uganda.css' rel='alternate stylesheet' rev='country' type='text/css' 
title='Uganda' />
<link href='styles/Tanzania.css' rel='alternate stylesheet' rev='country' type='text/css' 
title='Tanzania' />
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<link href='styles/Botswana.css' rel='altemate stylesheet' rev='country' type='text/css' 
title='Botswana' />
v) Test the design and functionality first without users to check and correct any potential 
usability flaws early in the development process and later with users to test whether the 
proposed interface is easier for users to use to find required content compared to the 
existing interface.
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Appendix 6: Screen shots of the Prototype for the different contexts of use
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a) A screen shot of the prototype showing the default selection (all) for all views
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b) A screen shot of the prototype showing visual disability as the context of interest
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I T ype o f D isab ility W e b P a g e  C om ponen t I ][S tructu re :
c) A screen shot of the prototype showing techniques for visual disability as the context of
interest
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d) A screen shot of the prototype showing navigation for people with motor disability as the 
context of interest
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SUMMARY
The World Wide Web (WWW) has increasingly become embedded in everyday life and is 
progressively becoming indispensable for public, business, personal efficiency or even improvement 
of livelihoods. Web users including People with Disabilities (PWDs) can conveniently undertake a 
number of tasks that would otherwise be difficult or impossible. People with visual impairments can 
obtain any type of information by themselves, can shop online, etc. Learners with visual, hearing, 
cognitive and physical disabilities can take all or most of the courses in the comfort of their homes.
However for PWDs, these tasks are only possible on Web based systems designed to be flexible to 
be used by a majority of people including those with disabilities.
Some groups, governments and organisations have developed Web accessibility guidelines that 
provide guidance on how to procure and develop IT products and services that can be used by as 
many people as possible including PWDs. Hence the guidelines are aimed at all people involved in 
the procurement and development of Web based IT products and services. Presently the most 
comprehensive, recognised and widely used set of Web accessibility guidelines is known as the Web 
Content Accessibility Guidelines (WCAG). Since its development, it has formed the basis of Web 
accessibility policy of many countries, is referred to in court cases concerning accessibility, is used 
as evaluation criteria by accessibility evaluation tools and is integrated into Web authoring tools.
However despite WCAG’s wide recognition and adoption, many members of the target audience still 
find it difficult to use to get the advice needed. This has been attributed to difficulty in understanding 
and interpretation, difficulty to integrate the guidance given into Web development workflows, the 
level of understanding of accessibility issues required, difficulty to find advice per user roles and 
responsibilities, etc. This results in the development of Web based systems with inbuilt usage 
(accessibility) barriers particularly for people with disabilities. In an attempt to improve the ease of 
use of WCAG, the Web Accessibility Initiative (WAI), the W3C project in charge of WCAG 
embarked on the revision of WCAG 1.0 into an easier to use version (WCAG 2.0). One of the 
requirements of the new version was development with ease of use in mind. But WCAG 2.0 has also 
been criticised for being too long, unreadable and impossible to understand. Therefore the two 
versions of the most recognised Web accessibility guidelines have to date remained largely hard to 
use for the target audience.
This research explores potential ways on how to make Web accessibility guidelines particularly 
WCAG easier to use to find required advice by the target audience. It is hoped that an easier to use 
WCAG will improve the design of accessible Web based systems given its recognition and extensive 
use as a Web accessibility standard. To achieve this goal, a number of objectives/activities were 
pursued as follows:
• Examination of whether WCAG provides guidance on the practical accessibility challenges faced 
by Web users with disabilities
• Assessment of the influence WCAG has on the development of accessible Web based systems
• Investigation of what makes WCAG difficult to use to find required advice by the target 
audience, proposed solutions and their weaknesses
• Development of a framework that can make WCAG, other accessibility guidelines and similar 
long Web based documents easier to use (usable) to find required advice/content
• Evaluation of the developed framework to establish if it makes WCAG easier to use to find 
required advice by the target audience.
123
To accomplish the above objectives, a series of strategies, techniques and tools were employed as 
follows:
Strategies (steps taken): We used a combination of the empiricism and pragmatism inquiry systems 
which best suited the structure of the problem- that is finding an information retrieval technique that 
makes Web accessibility guidelines easier to use to find required advice. This involved investigating 
the views of the community (Web users with disabilities and users of accessibility guidelines) to find 
out the potential of WCAG to increase Web accessibility and factors hindering its ease of use 
(empiricism strategy) as well as the design and evaluation of a possible solution (pragmatism 
strategy). In particular this problem required first studying the potential of WCAG to improve the 
design of accessible Web based systems and its usability challenges independent of the community 
and later verifying the results of the investigation with the community. Based on the results of the 
investigation a possible solution was then proposed without involving the community and later the 
community was involved to test if the proposed solution met their goals.
Techniques/Tools (how individual steps were conducted):
• Questionnaire technique was used :
o To establish if the challenges faced by people with disabilities on the Web that are given 
in literature and covered in WCAG guidelines are similar or related to the actual 
challenges faced by people with disabilities 
o To find out usability problems faced by actual users of the Web Content Accessibility 
Guidelines (WCAG)
o To evaluate (test) if the proposed solution (framework for filtering accessibility 
guidelines) makes it easier to find required advice compared to WCAG guidelines.
• Focused retrieval was used as a basis for the design of the framework for filtering Web 
accessibility guidelines/similar long Web based documents
• Cascading style sheets (CSS) and a style sheet switcher were used for the development of a 
prototype for the framework
• Cognitive walkthrough and experimental design methodology were used for the evaluation of 
the framework i.e. to test if the user interface of the framework is easier to use to find 
required advice compared to that of the WCAG guidelines
• Paired samples T-Test was used to find out if there was a significant difference on ease of use 
between the interface of the proposed framework and that of the WCAG guidelines
The main contributions made from undertaking the above research activities include:
• A generic framework for filtering long Web based documents with disparate groups of users in 
different roles and responsibilities.
• An approach for filtering the Web Content accessibility guidelines to make it easier to use for the 
target audience to find required advice.
The specific contributions made include:
• A demonstration that the guidance given in WCAG is relevant to the Web accessibility problems 
faced by people with disabilities. Hence an improvement in WCAG’s ease of use has a potential 
to contribute considerably to a more accessible Web
• An illustration that WCAG has a higher potential to influence the development of accessible Web 
based systems if its usability limitations which have not yet been addressed are attended to.
• A demonstration that the proposed solution for addressing the usability limitations of WCAG i.e. 
the framework for filtering accessibility guidelines is novel and well grounded in a broader 
mature field of information retrieval particularly focused retrieval and that its application is 
generic beyond the domain of focus in this research i.e. Web accessibility guidelines
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• An illustration of how the requirements of the framework for filtering Web accessibility 
guidelines are determined, how it is designed and implemented into a prototype.
• A demonstration that the proposed framework is easier to use to find required advice compared 
to the WCAG guidelines both in terms of time taken to retrieve required advice and the accuracy 
of obtained advice.
Overall the contributions in this thesis improve the usability of Web accessibility guidelines 
particularly the Web Content Accessibility guidelines (WCAG) and similar long Web based 
documents. This was achieved through filtering content according to context of use for the disparate 
users and the structure of the document.
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SAMENVATTING (DUTCH SUMMARY)
Het World Wide Web (WWW) is in toenemende mate onderdeel geworden van ons dagelijkse leven, 
en wordt steeds meer onmisbaar voor het openbare en zakelijke leven, voor persoonlijke efficiëntie 
en zelfs voor verbetering van leefomstandigheden. Door gebruik te maken van het Web kunnen 
mensen, inclusief diegenen met een handicap (People with Disabilities, PWDs), op gemakkelijke 
wijze een aantal dingen doen die anders moeilijk of zelfs onmogelijk waren. Mensen met een visuele 
handicap kunnen allerlei soorten informatie ontvangen, kunnen online winkelen, etc. Mensen met 
gezichtsproblemen, hoorproblemen, cognitieve of fysieke problemen kunnen toch leren in hun 
geriefelijke thuisomgeving.
Echter, voor mensen met een handicap (PWD) zijn zulke activiteiten alleen mogelijk bij Web 
gebaseerde systemen die met voldoende flexibiteit ontworpen zijn om door een meerderheid van de 
mensen, inbegrepen die met een handicap, gebruikt te worden.
Er zijn richtlijnen opgesteld om Internet toepassingen beter toegankelijk te maken voor mensen met 
een handicap. Deze richtlijnen geven hulp bij het opzetten van IT producten en diensten zodat ze 
door zoveel mogelijk mensen gebruikt kunnen worden. De Web Content Accessibility Guidelines 
(WCAG) worden erkend als de meest uitvoerige verzameling van richtlijnen, en worden ook het 
breedst toegepast. Vanaf de ontwikkeling hiervan, vormen deze richtlijnen de basis Web accessibility 
beleid in vele landen, wordt ernaar verwezen in rechtszaken over accessibility, worden ze gebruikt 
als criteria bij de evaluatie van accessibility hulpmiddelen en zijn ze geïntegreerd in Web authoring 
tools.
Ondanks de wijde erkenning en adoptie van WCAG vinden velen van het beoogde publiek het 
moeilijk om de gewenste adviezen uit het rapport te halen. Dit wordt toegewezen aan het moeilijke 
begrijpen en interpreteren van de richtlijnen, het moeilijke integreren van de gegeven richtlijnen 
tijdens het ontwikkelen van Web applicaties, het niveau van begrip van de vereiste accessibility 
vereisten, problemen om advies te vinden per rol en verantwoordelijkheid, etc. Het gevolg is de 
ontwikkeling van Web gebaseerde systemen met ingebouwde toegankelijkheidsbarrières vooral voor 
mensen met een handicap. In een poging om het gebruiksgemak van WCAG te verbeteren heeft het 
Web Accessibility Initiative (WAI), het W3C project belast met WCAG, versie WCAG 2.0 
ontwikkeld als een gemakkelijker te gebruiken versie van WCAG 1.0. Maar ook WCAG 2.0 is 
bekritiseerd omdat het te lang is, onleesbaar en onmogelijk te begrijpen. Daardoor is op dit moment 
nog geen eenvoudig te gebruiken versie beschikbaar van de meest erkende verzameling van 
richtlijnen voor Web toegankelijkheid.
Het onderzoek in dit proefschrift richt zich op de vraag hoe richtlijnen voor Web toegankelijkheid, 
met name WCAG, eenvoudiger gebruikt kunnen worden door het doelpubliek om adviezen te 
zoeken. De hoop is dat een beter bruikbaar WCAG zal leiden tot een verbetering van het ontwerp 
van toegankelijke Web gebaseerde systemen. Om dit doel te bereiken werden een aantal 
doelen/activiteiten nagestreefd:
Onderzoek of WCAG ondersteuning biedt bij de praktische toegankelijkheidsproblemen van Web 
gebruikers met een handicap.
Beoordeling van de invloed die WCAB heeft op de ontwikkelingen van Web gebaseerde systemen.
Onderzoek wat WCAG moeilijk maakt om te gebruiken bij het zoeken naar advies door het 
doelpubliek, bij de voorgestelde oplossingen en hu tekortkomingen.
Ontwikkeling van een raamwerk om WCAG, andere toegankelijkheidsrichtlijnen en vergelijkbare 
lange Web gebaseerde documenten gemakkelijker te gebruiken (bruikbaarder) om gewenste 
advies/informatie te vinden.
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Evaluatie van het ontwikkelde raamwerk om vast te stellen of het hierdoor gemakkelijker is gewenst 
advies/informatie te vinden door het doelpubliek
Om bovenstaande doelstellingen te bereiken werden een aantal strategieën, technieken en 
gereedschappen als volgt gebruikt:
Strategieën (de genomen stappen): We hebben gebruik gemaakt van empirische en pragmatische 
zoeksystemen die het beste geschikt zijn voor ons probleem -  dat is: een information retrieval 
techniek zoeken die het makkelijker maakt om richtlijnen voor toegankelijkheid op het Web. Hiertoe 
moet de visie van de gemeenschap (Web gebruikers met een handicap en gebruikers van 
toegankelijkheidsrichtlijnen) onderzocht worden om de mogelijkheden voor verbetering en 
beperkende factoren zowel voor gebruiksgemak (empirisch) als voor ontwerp en evaluatie hiervan 
(pragmatisch). Met name dit probleem vereist eerst de bestudering van de mogelijkheden van 
WCAG om het ontwerpen van toegankelijke websites te verbeteren gebaseerde systemen met de 
bruikbaarheiduitdagingen onafhankelijk van de doelgemeenschap, en later het verifiëren van de 
resultaten met deze gemeenschap. Op basis van de resultaten van het onderzoek is een mogelijke 
oplossing voorgesteld om te ontwerpen zonder tussenkomst van de gemeenschap, die er later wordt 
betrokken was om te testen of met de voorgestelde oplossing hun doelen bereikt worden
Technieken / Tools (hoe de afzonderlijke stappen werden uitgevoerd):
• Een vragenlijst techniek werd gebruikt:
Om vast te stellen of de problemen van mensen met een handicap op het web die in de literatuur 
worden beschreven en worden afgedekt door de WCAG richtlijnen, vergelijkbaar of gerelateerd zijn 
aan de werkelijke problemen van mensen met een handicap.
Om de bruikbaarsheidsproblemen van de werkelijke gebruikers van de Web Content Accessibility 
Guidelines (WCAG) vast te stellen.
Om te testen of de voorgestelde oplossing (het raamwerk voor het filteren van Accessibility 
Guidelines) het makkelijker maakt om het gezochte advies te vinden dan met behulp van de 
richtlijnen.
Focused retrieval werd gebruikt als basis voor het ontwerp van het raamwerk voor het filteren Web 
Accessibility Guidelines / vergelijkbare lange webgebaseerde documenten.
Cascading Style Sheets (CSS) en een style sheet switcher werden gebruikt voor de ontwikkeling van 
een prototype voor het raamwerk.
Cognitieve walkthrough en experimentele opzet methodologie werden gebruikt voor de evaluatie van 
het kader, dat wil zeggen om te testen of de gebruikersinterface van het raamwerk gemakkelijker te 
gebruiken is om het gewenste advies te vinden vergeleken met dat van de WCAG richtlijnen.
De paired samples T-test werd gebruikt om te achterhalen of er een significant verschil is in 
gebruiksgemak tussen de interface van het voorgestelde raamwerk en die van de WCAG richtlijnen
De belangrijkste bijdragen van de verbintenis van de bovenstaande onderzoeksactiviteiten omvatten:
Een algemeen raamwerk voor het filteren van lange webgebaseerde documenten met uiteenlopende 
groepen gebruikers in verschillende rollen en verantwoordelijkheden.
Een aanpak voor het filteren van de Web Content Accessibility Guidelines gemakkelijker te maken 
om te gebruiken voor de doelgroep tot de vereiste advies vinden.
De specifieke bijdragen geleverd zijn:
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Een bewijs dat de richtsnoeren van WCAG relevant is voor de toegankelijkheid van websites 
problemen van mensen met een handicap. Vandaar dat een verbetering van de WCAG gemak van 
gebruik heeft een aanzienlijk potentieel om bij te dragen tot een meer toegankelijke websites
Een illustratie dat WCAG heeft een hoger potentieel voor de ontwikkeling van toegankelijke 
websites invloed gebaseerde systemen als de bruikbaarheid beperkingen die nog niet zijn aangepakt 
te worden bijgewoond.
Een bewijs dat de voorgestelde oplossing voor het aanpakken van de bruikbaarheid beperkingen van 
WCAG dwz het kader voor het filteren van Accessibility Guidelines is nieuw en goed gefundeerd in 
een ruimere volwassen gebied van information retrieval vooral gericht ophalen en dat de toepassing 
ervan een soortnaam is buiten het domein van de focus in deze onderzoek dwz Web Accessibility 
Guidelines
Een illustratie van hoe de vereisten van het kader voor het filteren Web Accessibility Guidelines zijn 
bepaald, hoe het is ontworpen en geïmplementeerd in een prototype.
Een bewijs dat het voorgestelde kader is makkelijker om de vereiste advies vinden het gebruik ten 
opzichte van de WCAG richtlijnen zowel in termen van de tijd die nodig is om advies en de 
nauwkeurigheid van de verkregen adviezen op te halen.
Het algemeen zijn de bijdragen in dit proefschrift het verbeteren van de bruikbaarheid van Web 
Accessibility Guidelines name de Web Content Accessibility Guidelines (WCAG) en dergelijke 
lange webgebaseerde documenten. Dit werd bereikt door middel van filteren inhoud volgens context 
van gebruik voor de wanhopige gebruikers en de structuur van het document.
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